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I. Introduction.

In a previous report,1 a number of reaction systems for the synthesis
of conjugated polymeric Schiff bases were selected for continued study.
Such studies were necessary to complete the preliminary investigations to
obtain more data on which the final selections of the polymerization systems
would be made. The investigations included the syntheses of some new mono-
mers, non-polymeric prototype Schiff base reac;ions. a large number of selec~
ted polymerizations, post-reactions of conjugated polymers and some attempts
to determine reaction mechanisms.

The experimental data in this report complete the preliminary studies
and establish the basis for the researches to be performed during the period

of February 1965 to January 1966.




II. Synthesis of New Monomers and Related Azomethines.
A number of Schiff bases were synthesized during the course of this

research as they were needed. These compounds were prepared by the simple
condensation of the appropriate amines and aldehydes according to the method
reported by Schiff.2 In those cases, in which the reported yields were

satisfactory, the procedure described’ in Organic Synthesis Collective

Volume I was used. In the cases where the yields were described as poor or
not listed, an azeotrope method was used, whereby water is removed as a by-
product of the reaction and collected in a Dean-Stark trap by virtue of its
formation of an azeotrope with benzene. This method, previously descrﬂ:’ed1
in a NASA report, has been applied to the synthesis of a large number of
Schiff bases, and has been found to be successful in all cases giving high
yields and pure products.

A. Simple Schiff Bases.

Table 1 gives a number of simple Schiff bases prepared by the condensa-
tion of an aromatic amine with an aromatic aldehyde. Some of the compounds

included in the previous repo'rt:1 have been included in this table for com-

pleteness.
Table 1
Data on Some Schiff Bases
Crude
Exper. M.P, | Ref. M,P.

No. Compound Ref. ol °c Yi;ld
DA-29-142 p-CH40~CgH,, -N=CH~C¢Hs 4 71 72 86.5
DA-29-143 p-0,N-CH, -CH=-N-CcHq 5 93 93 93.3
DA-29-144 m-0yN-CgH, ~CH=N-C¢Hg 6 66 66 91.6
DA-29-161 p-Br-C6H4-N=Cﬁ-CGH5 - 65 - Quant.
DA-29-109 p-HO-C¢H, -CH=N-CcHg 7 199 190-200 Quant.
DA“Z 9'171 m-OZN-CGH“-MJ%HS 8 7 3 73 Quant .




B. Monomeric Schiff Bases.

For use as reagents for polymerizations to be performed later, a number
of bis-Schiff bases having potential functionalities of two were synthesized.
A special procedure was devised for the preparation of the bis-Schiff base,

@ca:n@-m@n:cn@ .
Since the triamine 4,4'-diaminodiphenylamine could be obtained only as the
monosul fate salt, the azeotropic method was not used. It was decided that
the liberation of the free amine and synthesis therefrom of the bis~Schiff
base could be done in one reaction vessel. The amine salt was first dissolved
in water, benzene added, and the free amine was liberated by the action of
an equivalent quantity of sodium hydroxide. The free amine, being insoluble
in water, then passed into a benzene layer in the reaction vessel containing
two equivalents of benzaldehyde. Reaction occurred in the benzene layer
giving the bis-Schiff base. The water layer was separated by means of a
separatory funnel; the desired product was isolated from the benzene layer.
The low yieXd of-pure praduct (29.1%) was due to the impurities in the . starting
materials (the triamine was Aldrich technical grade) and various losses
during the many recrystallizations.

A separate procedure was also employed for the attempted synthesis of
the diamino compound, HZN{C:)rn:cu4<::>CB=N<C:>>NH2, from p-phenylenediamine
(PPDA) and terephthaldehyde (TA). To avoid polymerization of the starting
materials, 0.15 mole of PPDA was dissolved in a large volume of ethanol
(—~ 500 ml.) and heated to boiling. Next, 0.6 mole of TA, dissolved in
120 ml. ethanol, was added to the reaction dropwise over the course of one
hour.

The product obtained from this reaction was a yellow amorphous powder

having no melting point and was only slightly soluble in acetone or ethanol.



It was concluded that a polymer had been formed rather than the desired
diamino product.

A number of the monomeric bis-Schiff bases were prepared by the azeo-
tropic method as well defined yellow crystalline compounds. The monomeric
bis-Schiff bases prepared during this period are summarized in Table 2.

Table 2

Data on Some Monomeric Schiff Bases

Ref. | Crude

E‘g:" Compound Ref. “;g' M.P. | Yield
. °C L__l
DA-29-176 | CgHg~CB=N-CgH,~CHy-CgH,~N=CH-CcHs| 9 | 130 125-126 | Quant,
DA-29-178 | CgHy-CH=N-(CH;),-N=CH-C¢H5 -- | 26-27 S Quant,

10

DA-29-181 | CgHg-CH=N-(CHp) ¢ -N=CH-CgHs 11 | 25 28-32 | Quant.
DA-29-184 |CcHy-CH=N-CcH,-O-CgH,-N=CH-CgHg | -- | 182-183 | ------ ‘Quant.

DA-29-188 | CgH5~CH=N-CgH-NH-CgH,-N=CH-CgH5 | -- | 183-186| ------ 29.1
: (pure)

DA-29-201 |HyN-CgH,~-N=CH~-CgH-CH=N-CgH,-NHy | -~ | polymer | ----- -] emmen-

It is noted that all the monomers in Table 2 have either total or partial
interxuption of conjugation by means of a heteroatom or saturated aliphatic
moiety. By utilizing these monomers in either the bis-Schiff base exchange
or the carbonyl exchange reactions, it will be possible to obtain polymers
with various degrees of conjugation. The polymers whose conjugation is in-
terrupted by oxygen or nitrogen are expected to retain a large measure of

12

their conjugation,™® whereas those interrupted with aliphatic groups would be

expected to retain little or less conjugation. By comparison of the heat sta-
bilities of these polymers with polymers possessing uninterrupted conjugation,

an evaluation of the contribution of conjugation to heat stability can be made.




III. Non-Polymeric Prototype Schiff Base Reactioms.

In a previous reportl three exchange reactions of Schiff bases were dis-
cussed. The first of these is an amine exchange reaction whereby the amino
residue of a Schiff base can be replaced in a reaction with another amine,
for example:

X{ Ny RecH )+ ' Hm, = vy ncB{ ) + XYM . (eq. 1)

The second is an exchange of the carbonyl moiety of a Schiff base by reaction
with an aldehyde or ketone, thus:

X@-Cﬂﬂ@i— Y@CBO = Y@-Cﬂ:ﬂ-@-ﬂ- x@-cao. (eq. 2)
The third is the bis-exchange reaction in which two different Schiff bases
participate by exchanging amine and carbonyl moieties, thus producing two new
Schiff base compounds, as shown in equation 3:
x@mﬂ@+ Y@m@ = x@c&n@-y +@-cn=u@ (eq. 3)

The primary factors involved in these exchange reactions are 1) the
reactivity of the reagents and 2) the volatility of the product or by-product.l2
In exchange reactions, the products formed from the reaction must be more
stable than the starting materials for the reaction to occur, and the reacti-
vity of the starting materials must be high. To achieve a high degree of
conversion in the exchange reactions, which are equilibrium processes, it has
been found necessary to remove one or both of the products to shift the equi-
librium. The research contained in this and in the previous report1 confirms
the results of Reddelein, that quantitative yields of products may be obtained
by distilling out one of the products of the reactiom.

A number of monomers and related Schiff base compounds were prepared and
non-polymeric prototypes of the three exchange reactions were studied. Having
established first that the reactions took place, and second, the conditions

under which the exchanges took place readily, suitable monomers were poly-




merized, yielding black conjugated polymeric Schiff bases.

- In a previous report the synthesis of two new monomers,
: 3\c=u-@-n.—.c\c (D-2-PPPDA) and 5\c—n@-u=c/ (D-3-PPPDA),
. oy 7 cpHg” 285

were described.1 These compounds were prepared for the purpose of obtaining
monomers with greater reactivities in Schiff base exchange reactions than di-
benzylidene-p~-phenylenediamine (DBPPDA). Preparatory to using these new mono-
mers in polymerization reactions, prototype reactions were run to determine
the relative reactivities of the new monomers.

Since the reactivity of aldehydes in the formation of Schiff bases is
greater than ketoﬁes, it would seem reasonable that an appropriate aldehyde
should be able to replace a ketone from its Schiff base. Thus, in the reac-
tion between a diketonanil and benzaldehyde, the products expected would be

DBPPDA and the displaced ketone, thus:

* 3\c=1wv<;§-n=c/cH > + 270+ (yam=(LOrn=c{)+ 2 Cliy- g-c3n.,

(eq. &)
Hs)zw@‘“’c(czns)z +2 @mo —
@-ca:u@-m@+ 2 (CHg),C=0  (eq. 5)

A. Experimental.

1. (DA-29-103) Reaction of Benzaldehyde and Di(2-pentylidine)-p-
ghenxlenediamine.

In a 50 ml. round-bottomed flask were placed 0.02 mole of the diketonanil

and 0.04 mole of freshly distilled benzaldehyde. After a short time, a yellow
solid began to precipitate from the reaction mixture and to collect at the
bottom of the flask. The flask was now modified for distillation under nitro-

gen by the addition of a suitable distillation head, condenser, receiver, and




nitrogen inlet. Distillatiorn was begun at 140°C and continued at this tem-
perature for one hour. Some small amount of liquid was collected in the re-
ceiver during this time. Next, the temperature was raised to 200°C over a
period of two hours, and additional distillate was collected. The distillate
was examined and found to consist of two layers. Samples were subjected to
infrared analysis and found to be water and 2-pentanone. The amounts of each

of the two compounds collected were 2.2 g. and 1.6 g. respectively. The residue
was found to be a dark-yellow viscous 1liquid which did not crystallize upon
cooling. Attempted recrystallizations from hexane and ethanol did not yield

a crystalline material.

2. (DA-29-106) Modification of DA-29-103 at Lower Temperatures.

Di-(2-pentylidine)-p-phenylenediamine, 0.01 mole, and 0.02 mole of benz=-
aldehyde were mixed together in a small beaker and allowed to stand at room
temperature for one hour. A yellow solid rapidly separated fram the mixture
and the crystals were collected by filtration. The compound was then re~
crystallized from 957 ethanol containing activated charcoal. Yellow, well-
defined crystals were obtained which melted at 140°C, corresponding to the

melting point of DBPPDA prepared by a different route.

3. (DA-29-145) Reaction of Benzaldehyde and Di-(3-pentylidine)-p-
phenylenediamine.

Benzaldehyde 2.12 g. (0.02 mole) and 2.44 g. (0.01 mole) di-(3-pentyl-

idine)-p-phenylenediamine were mixed together in a 50-ml. beaker. Within a
few minutes the color of the reaction mixture had deepened from yellow to
light orange. As the mixture was stirred, an evolution of heat was noted,
together with the odor of diethylketone. After ten minutes
the reaction mixture became solid. The beaker was placed on a steam bath and

heated for one and one-half hours, and the resulting product was then dried in
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a vaccum desiccator. Recrystallization from 95% ethanol gave a yellow crys-
talline product which melted at 140°C. This melting point is identical to that
of DBPPDA. The yield of product after recrystallization was 47.2%.

B. Discussion.

Both prototype reactions studied indicate that the new ketanil monomers
have a high reactivity. The reactions occur smoothly at room temperature or
slightly above, to yield the ‘desired products. These reactions indicate
clearly the superior reactivity of selected aromatic aldehydes over the ali-
phatic ketones in the carbonyl Schiff base exchange reactions. The reactioms
also demonstrate the great facility and generality of the carbonyl exchange
reaction. On the basis of these prototype reactions one may expect these com-

pounds to be especially effective as monomers in polymerizations.




IV, Polymerization Reactioms.

In this phase of research, further studies were conducted along the lines
of research described and carried out in the previous repott:.1 In some cases,
however, significant changes were made in the experimental techniques used in
the polymerization reactions. New monomers were also synthesized and intro-
duced into the polymerizations, thereby increasing the number of routes to the
preparation of aromatic conjugated Schiff base polymers.

A. Pol rizations of Diamines and Dialdehydes.

Some Schiff base polymers have been prepared previously by this method,
that is, by the condensation of a suitable diamine and dialdehyde with the
elimination of wat:er:13

n BN/, + o GHC/)CHO + 20 By0 + N n-ca{\ycad,.  (eq. 6)
Polymers obtained by this method are low molecular weight, yellow, insoluble,
infusible solids. Attempts were made to improve the reaction in order to
attain higher molecular weights. It was decided that the main cause of low
molecular weight polymers in this reaction was due to early precipitation of
the polymer from the reaction system. A non-homogeneous reaction system is
thus obtained which effectively inhibits further polymerization. It was be-
lieved that if a suitable solvent could be found, the reaction could be pro-
pagated to higher molecular weights. Benzalaniline and dimethyl formamide

were selected and evaluated as solvents for the condensation reactions,

1. Experimental.

a. (DA-29-129) Condensation-Melt Polymerization Using Benzalanilire.
(Repeat of DA-29-67)

Ten grams of benzalaniline (BA) and 1.08 g. (0.0l mole) PPDA were mixed
thoroughly in a 50-ml. round-bottomed microflask. The microflask was heated

by means of a metal bath to 120°C and then 1.34 g. (0.01 mole) TA were added



to this reaction mixture. The flask was then fitted with a distilling head,

nitrogen inlet, condenser, and receiver. Heating was continued according to

the schedule of Table 3.

Table 3
Time Temp.
(hours) °c Pressure
2 120-200 atm
5 220 atm
10 260 atm
10 290 atm
10 290 140 mm

Water and BA were recovered in the receiver and the reaction flask yielded a
dull brown material which was non-fusible. Yield of polymer obtained was
107.8% of the theoretical.

b. (DA-29-131) Further Modification of DA-29-129 and DA-29-67.

The same quéntities of reagents and the same mode of addition were used

in this experiment as were used previously. The times and temperatures used
in the polymerization step, however, were modified. The schedule used during

the reaction is given in Table 4.

Table &4
Time Temp.
(hours) oc Pressure
4 120-200 atm
12 240 atm
10 240 atm
10 240 140.0 mm
10 320 0.5 mm

When the reaction was terminated, a brown-black polymer was obtained which was

10
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porous and infusible. Due to mechanical losses only 0.95 g. of polymer was

recovered in the reaction.

c. (DA-29-195) Reaction in DMF.

PPDA 1.08 g. (0.01 mole) was added to a small round-bottomed flask con-
taining 50 ml. dimethylformamide and 1.34 g. (0.01 mole) TA. Immediately upon
adding the amine, the solution became yellow-orange. Gradually the color
deepened into dark orange. The flask was fitted with a reflux condenser and
the reaction mixture refluxed for two and one-half hours. Five minutes after
the heating began a yellow precipitate formed in the reaction mixture. The
amount of precipitate increased during the period of reflux, accompanied by a
decrease in the orange color of the solution. Then, after two and one~half
hours, most of the dimethylformamide was removed by distillation. During the
distillation, dimethylamine, which was assumed to have been produced by amide-
exchange during the reaction, was detected as a non-condensing gas. When the
major portion (about 80%) of the DMF was collected, the polymer was isolated
by filtration and dried in a drying oven for four hours; 2.42 g. (117% yield)
of an orange polymer was obtained.

To the DMF~water filtrate there was added 20 ml. benzene and the mixture
was azeotroped. The water which azeotroped with the benzene was measured and
found to be 0.301 g. or 83.6% theory.

2. Discussion.

It has been shown by the above experiments that even the condensation
reaction which previously gave only yellow low-molecular-weight polymers may
be carried to higher molecular weights by the use of an appropriate solvent.
Common solvents, such as benzene, ethanol, and DMF fail to solvate the growing
chain to any significant extent. Thus, premature precipitation of the polymer

occurs, resulting in effective terminatiom of polymerization at the limit of

11



solubility in the solvent. The resulting polymers themselves are brittle,
porous, infusible materials which are also insoluble in common solvents.
Benzalaniline, however, which is structurally like the polymer itself, appears
to be an effective solvent for the reaction. Polymers obtained in those cases
vhere BA was used are usually found to have incorporated some of this substance,
as indicated by yields in excess of 100%.

B. Amine Exchange Polymerizations.

As described earlier,1 it has been found possible to replace the amino
moiety of a Schiff base with a different amine in a reaction we have termed
an amine Schiff base exchange reaction. If a difunctional amine reacts with
a bis-Schiff base of a dialdehyde and a monoamine, polymers are obtained, as
shown in equation 7:

n @-m@m:n@ + nmnd ym, AN

20 (ymay + {00y neca{7Ncud, . (eq. 7

The polymers obtained in this reaction are identical with those produced
by the condensation reaction except for the end groups. Amine exchange poly-
merizations were carried out both by melt-solution techniques, in which the
monomers are melted together in the presence of BA, and by straight solution

techniques.

1. Experimental.

a. Solution Polymerizations.
Benzalaniline was used in these systems after having found that the sim-

ple melt polymerization of PPDA and p-xylylidinedianil (PXDA) resulted in the
formation of low molecular weight yellow-brown oligomers. To increase the
molecular weight, BA was added in these polymerizations as a solvent to provide

8 homogeneous medium in which the polymer could propagate.

12




i. (DA-29-135) Reaction of PXDA with PPDA in the Presence of Benz-
alaniline. (Repeat of DA-29-63 and DA-29-65)

Using the same polymerization apparatus employed in the above condensation
polymerizations, 2.84 g. (0.01 mole) PXDA, 1.08 g. (0.01 mole) PPDA and 3 g.
BA were mixed together. After placing the reagents in the polymerization
apparatus, the mixture was heated, using a metal bath under the conditions

given in Table 5. .

Table 5
(::z:s) Tﬁgp. Pressure
4 160 atm
15 250 atm
10 310 atm
15 330 140 mm
10 350 0.1 mm

As the polymerization was continued, the reaction mixture underwent the usual
shift in color from yellow to red to brown to black. The polymer, at the end
of the reaction time, was a black, very brittle, shiny polymer, which melted
and foamed considerably when held on a spatula in the flame of a bunsen burner.
The weight of polymer obtained was 3.79 g., which exceeded 2.06 g. calculated
 for the theoretical yield. The yield of product obtained indicates that all
of the BA and by-products of the reaction had not been completely removed.

ii. (DA-29-139) Modification of DA-29-135.

Experiment DA-29-135 was repeated using the same quantities of reagents
and apparatus, but with the modification shown in Table 6. A coal black
polymer, 2.44 g., was obtained having both dull ‘and shiny portiomns. This
polymer was infusible even at bunsen flame temperatures, and the amount of

by-product material retained in the polymer was considerably less than before.

13




Table 6

(:iﬁ:s) Tefg. Pressure
4 160 atn
10 260 atm
10 340  am
12 340 140.0 mm
10 340 0.3 mm

b. Other Solution Polymerizatioms.

Several of the amine exchange polymerizations were performed in the
presence of solvents other than benzalaniline. Benzene and tetralin were used
as examples of high- and low-boiliﬁg solvents. These experiments were carried
out in order to determine whether or not the polymerization would proceed at
low temperatures, and if the polymerizatiom did occur, would the polymer
obtained by this method be any different than the polymers obtainmed by the
melt, or melt-solution methods. Accordingly, the following experiments were
performed.

i. (DA-29-167) Reaction of PPDA and PXDA in Boiling Benzene.

A mixture of PXDA 2.84 g. (0.01 mole) and 1.08 g. (0.01 mole) PPDA were
dissolved in 200 ml. benzene. Then, the reaction mixture was refluxed for
about one hour. No reaction appeared to be taking place, so 0.002 g. p-
toluenesulfonic acid was added as a catalyst. Within a short time, a yellow
flocculent precipitate was observed in the reaction mixture. After refluxing
for tuwelve hours, the reaction was discontinued and the yellow low molecular
weight oligomer was filtered off; 2.31 g. of product (112% theoretical) was
obtained in this manner. The yellow filtrate from the reaction was refluxed

for another twelve hours and upon cooling the solution, two products were
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obtained. The first was a greenish, amorphous solid which appeared on the
basis of infrared spectra, to be HZN1<:)>N=CH<<:>>CH=N<<::}NBZ. The second
material was a well-defined clear orange crystalline substance which, upon
standing, became opaque. The infrared spectrum showed strong peaks in the
carbon-nitrogen double bond and in the phenylene region. Peaks attributable
to mono-substituted phenyl groups were absent. On the basis of this informa-

tion, the following structure is considered possible for the second compound:

52
N=CH {7 \»-Cl=

ii. (DA-29-170) Modification of DA-29-167 Using a More Dilute System.

Five millimoles each of the reagents in 300 ml. benzene were refluxed
without a catalyst for twelve hours. A yellow amorphous powdery substance,
weighing 0.95 g., was obtained. This material had a large number of peaks
identifiable as Schiff base peaks. The filtrate was isolated and 2 milli-
grams of p-toluenesulfonic acid was added to it as a catalyst. Icmediately
upon adding the catalyst, the solution became cloudy and a tan material pre-
cipitated. This solution was now refluxed for another twelve hours, and at
the end of that time 0.21 g. of a tan precipitate was collected by filtration.
Comparison by infrared spectroscopy of this material with the yellow substance
obtained before by infrared showed that both spectra contained the same peaks.
It was concluded that the tan compound had a higher molecular weight than the
yellow compound.

When both of the compounds were heated, they melted, slowly changed

color, and became black.
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ii. (DA-29-173) Attempted Further Polymerization of DA-29-167 in Tetralin.

One gram of the yellow polymer obtained in experiment DA-29-167 was
placed in a 150 ml. of tetralin and the mixture was heated to reflux. After
twenty-seven hours of reflux the boiling tetralin solution became homogeneous,
all of the yellow polymer went into solution. When the reaction was cooled,
a yellow substance precipitated which appeared no different than the starting
material. Upon drying and weighing 0.97 g. polymer was recovered. The fil-
trate, vhen examined, exhibited fluorescence.

2. Discussion.

It has been shown that benzalaniline, when used in an amine exchange
melt~-solution polymerization, enables the reaction to proceed to a higher
degree of polymerization than when it is absent. The function of BA appears
to be that of a solvent which, by solvating the growing polymer chains, keeps
the polymer in solution, thus enabling them to propagate to higher molecular
weights. It is recognized1 also, the effect of BA maj not be entirely due to
its solvent properties. In such systems as the Schiff base exchange reactions,
BA may be a reactant as well as acting as a solvent.

A reaction may take place between BA and one of the monomers before or
during the actual polymerization. For example, in the amine exchange, PPDA
may react with BA in a separate amine exchange to give dibenzylidene-p-

phenylenediamine, or mono benzylidene-p-phenylenediamine, thus:

2 (D)) + w0y, — Oyonn{ ) i)
o (Qym= ), + (L, (eq. 8)

Reaction of one or both of the products of this reaction with PXDA may lead
to the polymer. Thus, the final polymer would be expected to be terminated

or telomerized by phenyl groups derived from BA.
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Solution polymerizations of PPDA and PXDA yield, as expected, low mole-
cular weight oligomers. Solubility seems to be the factor that exerts a major
control on molecular weight of the polymer in solution polymerizations. The
extent of polymerization is effectively restricted by the solubility of the
polymer in the solvent. The expected increase in molecular weight with in-
creased temperature was not observed in the case of high boiling tetralin.

The oligomers obtained by solution polymerization differed significantly
from low molecular weight polymers produced by previous methods. When these
polymers were warmed slightly, they melted, readily changing color, and could
be carried to a dark, high molecular weight product by continued heating at
higher temperatures. Yellow oligomers obtained by other methods did not melt
or react significantly when heated and the products obtained were not black
but yellow. Solution polymerizations, therefore, yield low molecular weight
polymers with reactive end groups which can further react to give higher mole-
cular weight products.

C. Carbonyl Exchange Polymerizatioms.

Prototype studies conducted on the exchange reaction between aldehydes and
Schiff bases indicated that this reaction occurs with about the same facility
as the amine exchange reaction. Several melt polymerizations were performed
and reported1 previously. These polymerizations were repeated again under
different conditions to find improved conditions for the preparation of poly-
mers by this exchange method. The two new monomers, di-(2-pentylidine)-p-
phenylenediamine (D-2-PPPDA) and di-(3-pentylidine)-p-phenylenediamine
(D-3-PPPDA) were also used in carbonyl exchange polymerizations, thus extending
the scope of the reaction. As in the amine exchange reaction, melt-solution

and solution polymerizations were also investigated.
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1. Experimental.

.. a. Melt Pol rizations.

- The reaction between TA and DBPPDA is given in equation 9,

- n@@:ﬂ@m@+ n 0CH” \}cHO —>

2n @CHO + {:N@N::CH@-CH%n (eq. 9)
Experiment DA-29-40, which was reported1 previously, was repeated to deter-
mine whether the reaction could be improved by varying the conditions of

temperature, pressure and time.

i. (DA-29-123) Reaction of TA and DBPPDA. (Repeat of DA-29-40)

The following quantities of reagents were placed in a 50 ml. round-
bottomed flask: 1.34 g. (0.01 mole) TA and 2.84 g. (0.01 mole) DBPPDA. Using
the usual polymerization apparatus consisting of reaction flask, distillation
head, nitrogen inlet, condenser, and receiver, the reaction mixture was

. heated by means of a metal bath. The conditions used during the polymeri-

zation are given in Table 7.

Table 7
Time
(hours) Tsﬁp. Pressure
2 160 atm
200 atm
4 260 atm
10 320 atm
10 360 1 mom

A porous brown polymer, weighing 2.10 g. (—~~100% of theory), which had a
yellow interior, was obtained. The polymer was infusible and insoluble in

common solvents.
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ii. (DA-29-132) Modification of DA-29-123.

Reaction DA-29-123 was repeated, except that the conditions of polymeri-

zation were changed to those listed in Table 8.

Table 8
(ﬁiﬁ:s) ngp. Pressure
4 200 atm
15 290 atm
10 340 atm
10 340 140.0 mm
10 340 0.5 mm

The reaction product was a black-browm porous solid weighing 2.06 g. (—~/100%
yield). Partial foaming and burning took place when the polymer was heated

at bunsen flame temperatures.

iii. (DA-29-110) Reaction of D-3-PPPDA with TA.

CoH

T V) CP Y R L PN

i
20 (CyHg),C=0 + & yvecud\yomd, (eq. 10)

CoHs 2Hs
Into a 50 ml. round-bottomed flask was placed 4.88 g. (0.02 mole) of the bis~
Schiff base D-3-PPPDA and 2.68 g. (0.02 mole) TA. As the two compounds were
mixed, they changed color from yellow to orange to deep orange. Heat was
evolved and the viscosity of the resulting solution increased. Within one-
half hour the mixture had become solid and the flask was converted to a melt
polymerization system. The reaction mixture was heated at 110-120°C at atmos-
pheric pressure for two hours, during which period, 1.52 g, of the liberated
ketone was collected. Heating was continued for sixteen hours, over which
period the temperature was raised slowly to 350°C. Then, the solid product

was heated for three hours at the same temperature at 7 mm Hg to remove the
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non-polymeric materials. When the residue was examined, it was found to con-
tain a multicolored material composed mainly of brown sections with some areas
of black. The polymer crumbled easily and was not tough. Some white crystals
which had collected in the distilling head during the heating were examined
and found by their melting point to be unreacted TA. The.weight of polymer
obtained was 4.45 g., compared to the calculated theoretical weight of 4.12 g.

iv. (DA-29-115) Modification of DA-29-110 Using Excess D-3-PPPDA.

The bis-Schiff base, D-3-PPPDA, 11.32 g. (0.042 mole) was combined with

4.51 g. (0.03 mole) TA in a 100-ml. round-bottomed flask and the mixture poly-

merized. The conditions used in this polymerization are given in Table 9.

Table 9
Time Temp.
(hours) °c Pressure
8 120 atm
10 220 atm
11 220 140 mm
6 220-310 1 om

At the end of the thirty-five hours of reaction time, 8.24 g. of a black
shiny polymer were obtained.

v. (DA-29-116) Modification of DA-29-110 Using Different Conditions.

Instead of the conditions used in DA-29-110 the modifications given in

Table 10 were used.

Table 10
Time Temp. Pressure
(hours) °C “
180 atm
280 atm
300 1 mm
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Diethyl ketone was collected in the receiver during the periéd of polymeri-
zation. At the end of the six hours of reaction, a 1047 yield of a multi-
colored polymer was obtained. The polymer was composed of yellow-brown amor-
phous and glassy regions.

vi, (DA-29-122) Further Modification of DA-29-110.

Using equivalent quantities of dialdehyde and bis-Schiff base, the poly-

merization was performed under the conditions given in Table 11.

Table 11
(::258) ngp. Pressure
130 atm
210 atm
10 260 atm
10 320 0.1 mm

The polymer obtained in this reaction was a multicolored, yellow-browm, in-
fusible, insoluble solid. The yield of polymer was 1107 of theory.

vii. (DA-29-141) Spontaneous Polymerization of D-3-PPPDA and TA.

The bis-Schiff base, D-3-PPPDA 2.44 g. (0.0l mole) and 1.34 g. (0.0l mole)
TA were placed in a small beaker and mixed vigorously. Ketone rapidly evolved
and the reaction was noticeably exothermic. After fifteen mimutes the reac-
tion mixture became a solid mass. The reaction was allowed to stand approxi-
mately twelve hours after which the yellow-orange polymer was extracted with
95% ethanol for forty-eight hours. The extracted polymer was orange-browm in
color and weighed 2.10 g. after drying. The yield was slightly greater than
100%.

Analysis: Calc'd for n =o© : C, 81.60; H, 4.85; N, 13.60,

Found : C, 77.58; H, 5.36; N, 12.45.

21



b. Solution Polymerizatioms.

Since difficulty was experienced in obtaining a black polymer in the melt
polymerization, it was decided to evaluate benzalaniline as a solvent for the
reactions.

i, (DA-29-125) Reaction of DBPPDA and TA in the Presence of BA.

(Repeat of DA-29-61 and DA-29-62)

The same general polymerization apparatus was used to polymerize 2.84 g.

(0.01 mole) DBPPDA and 1.34 g. (0.01 mole) TA in 3 g. BA. The conditions used

are given in Table 12.

Table 12
Time Temp.
(houts) °C Pressure
2 160 atn
2 200 A atm
4 260 atm
10 320 atm
10 320 1 om
10 400 5 mm

When the reaction was terminated, 2.51 g. (1127 theoretical) of a porous
black polymer with a brown interior was obtained. The polymer was fusible

and soluble in concentrated acetic, formic, and sulfuric acids.

ii. (DA-29-112) Polymerization of D-2-PPPDA and TA Using BA.

The bis-Schiff base, D-2-PPPDA, 4.88 g. (0.02 mole) and 2.86 g. of TA
were combined in a small round-bottomed flask. The flask was then equipped
with a distilling head, nitrogen inlet, condenser, and receiver. This mixture
was warmed slightly with a small flame from a bunsen burner until a homo-
geneous solution was obtained. The color of the solution changed from orange

to red. The reaction apparatus was lowered into a metal bath heated to 140°C,
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and the temperature was slowly raised to 265°C over a period of two hours,
and then maintained at this temperature for ten and one-half hours.

Next, the pressure was reduced to 100 mm and the temperature was raised
to 325°C. There was collected 2.10 g. 2-pentanone, together with a very small
amount of water. A black material weighing 7.3 g. remained in the reaction
flask. Continued heating of the polymer for an additional two hours at 325°C
reduced the weight to 6.96 g.

The polymer was ground to a fine powder and extracted with 957 ethanol
by means of a Soxhlet extractor for three days. The polymer obtained after
this treatment was chocolate brown in color and weighed 6.13 g. Yield of
polymer was now 1497 on the basis of the amount of D-2-PPPDA used.

iii, (DA-29-121) Modification of DA-29-112.

The amount of reagents used in this experiment were identical to those
used in DA-29-112. The conditions of polymerization were modified as given

in Table 13.

Table 13

(:iﬁ:s) ngp. Pressure
2 160 atm
4 220 atm
4 300 atm
2 320 340 mm
2 320 140 mm
10 320 1 mm
10 360 1 mm

The resulting polymer was black and was produced with a lower yield (1147%)
than that of DA-29-112. It was also found that the polymer was soluble in

concentrated formic and sulfuric acids.
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iv. (DA-29-136) Further Modification of DA-29-112.

The conditions of this reaction are showm in Table 14&.

Table 14

Time Temp. Pressure
(hours) °C

4 160 atm

15 230 atm

10 280 atm

15 300 140.0 mm

10 320 0.1 om

A yellow-brown porous polymer, weighing 6.50 g., was recovered at the end of
the reaction. Examination of the polymer showed that it was fusible and that
it underwent considerable foaming when heated to about 320°C.

v, (DA-29-138) Further Modification of DA-29-112,

A mixture of D-3-PPPDA, 2.44 g. (0.01 mole), 1.34 g. (0.01 mole) TA,
and 4 g. BA were subjected to the carbonyl exchange polymetization using the

conditions given in Table 15.

Table 15
Time T .
(hours) sgp Pressure
4 160 atm
10 270 atm
10 320 atm
12 320 140.0 mm
10 320 0.3 mm

A hard black polymer which was tough and infusible was recovered from the

reaction flask. Weight of the polymer was 3.41 g. or 1667 theoretical.

c. Other Solution Polxggrizétions.

Two experiments were conducted to determine whether the carbonyl exchange
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polymerization would occur readily in solution. Two solvents, benzene and
acetic acid, were selected for use as examples of polar and non-polar sol-
vents.

i. (DA-29-174) Solution Polymerization in Benzene of TA and DBPPDA.

Bquivalent quantities (0.0l mole) of TA and DBPPDA were placed in a round-
bottomed flask containing 200 ml. benzene. This reaction mixture was refluxed
for seventy-two hours. No change in the solution occurred during this time.
Two milligrams of p-toluenesulfonic acid were added and immediately a yellow
precipitate formed in the solution in the region of the catalyst. Reflux was
continued for tenm hours, and when the reaction was cooled, 0.76 g. of a
yellow solid precipitated from the solution. The isolated precipitate was
found to undergo further condensation, as indicated by color change, on
heating.

ii. (DA-29-107) Reaction of D-2-PPPDA and TA in Acetic Acid.

One hundredth of a mole of D-2-PPPDA (2.44 g.) and 25 ml. glacial acetic
acid were mixed together in a beaker. Then 1.34 g. (0.01 mole) TA was added.
As the mixture was stirred it turned dark red, heat was generated and the cis-
cosity of the solution was increased greatly. After stirring for a short
time the reaction mixture solidified. The solid polymer was filtered off and
washed with ethanol and distilled water. The final product was dark brown and
appeared to be impure., No effort was made to purify the product further.

2. Discussion.

The melt polymerizations using the carbonyl exchange generally gave poly-
mers in which only partial conversion to polymer was obtained. The melt poly-
merization using the ketonanil monomers and TA showed the expected ease of
carbonyl exchange by undergoing spontaneous melt polymerizations at room tem-

perature. The ability of these monomers to undergo exchange readily confirms
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the prior conclusion that reactivity as well as volatility of products are the
main factors controlling yields in exchange reactions. The development of
these monomers provides substrates with reactivities which are far greater than
the corresponding benzylidene derivatives.

Polymers which are obtained by both spontaneous melt polymerization and
solution polymerization using acetic acid are orange products. Without
heating, these polymers have already reached a degree of polymerization which
exceeds any that can be obtained by a simple condensation reaction. It is
interesting also to note that appropriate aromatic aldehydes are much more
active than aliphatic ketones in Schiff base exchange reactions, and that they
will replace them easily from their compounds.

Some difficulty was experienced in attempting to produce a black polymer
by a reaction between the bis-ketonanils and TA in melt polymerization. Using
BA, black polymer could be obtained but retention or incorporation of this
substance led to yields in excess of 100%.

The solution polymerization of TA and DBPPDA using benzene as the solvent
was shown to give yellow polymers only when catalyzed by p-toluenesul furic acid.
Polymers obtained in this manner are capable of further condensation to give
black polymers when they are melted, thus indicating they are of low molecular
weight polymers possessing reactive end groups.

D. Bis-Schiff Base Exchange Polymerizations.

When two bis-Schiff bases react, one containing an aromatic dialdehyde
moiety and the other an aromatic diamino moiety, the resulting product is a
stable non-volatile poly-Schiff base. The end groups which are displaced in
this reaction combine together to give rise to two equivalents of a more sim-
ple volatile Schiff base. The driving force for this reaction can be attri-

buted to two factors; the formation of a very stable polymeric Schiff base and
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the removal of the simple volatile Schiff base by distillation. Monomers in
which the reactive groups of the diamine and dialdehyde are tied up by aromatic
phenyl -CH= or phenyl-N= groups have been discussed in a previous NASA report.1
Further studies using these monomers are included in this report. The use of
monomers in which alkyl groups are used to block the amino functions have

not been previously reported. The new monomers, D-3-PPPDA or D-2-PPPDA were
uvused in the bis exchange polymerization and the results obtained compared with

that obtained from completely "aromatic" monomers.

1. Experimental.

a. Melt Polymerization.
i. (DA-29-124) Reaction of DBPPDA and PXDA.

A mixture of DBPPDA 2.84 g. (0.01 mole) and 2.84 g. (0.01 mole) PXDA were
placed in a 50-ml. round-bottomed flask equipped with the usual accessories
required for distillation polymerization. The conditions given in Table 16

were used during the polymerization,

Table 16
Time Temp.
(hours) °C Pressure
160 atm
200 atm
260 atm
10 320 atm
10 320 1 om
10 400 S5 mm

On the completion of the polymerization there was obtained a dull black poly-
mer containing some yellow areas. The polymer was non-porous, and brittle;

the yield was 1127 of theory.
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ii. (DA-29-128) Modification of DA-29-124.

The same procedure as described in DA-29-124 was used in this polymeri-
zation. The reaction was modified with the conditions of time, temperature,

and pressure given in Table 17.

Table 17
Time Temp.
(hours) sc Pressure
2 180 atm
5 220 atm
10 250 atm
10 280 atm
10 280 140 om
10 260 7 mm

At the end of the reaction, a yellow polymer was recovered in a 1417
yield. The reaction was incomplete, as was shown by heating the yellow oli-
gomer on a spatula in the flame of a bunsen burner, whereby further condensa-
tion occurred readily, yielding a black foamed polymeric solid.

iii. (DA-29-130) Modification of DA-29-124 Using Higher Polymerization
Temperatures.

A very hard, black polymer which was glass-like in appearance was produced
using the same amounts of reagents and equipment as in DA-29-124 under the

conditions given in Table 18.

Table 18

(:iﬁ:s) Tﬁgp. Pressure
4 200 atm
12 260 atm
15 260 140.0 mm
10 260 140.0 mm
10 320 5.0 mm
10 360 0.5 um
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At the end of the reaction time, 2.46 g. (1187 yield) of the polymer was re-
covered.

iv. (DA-29-149) Modification of DA-29-124, an Attempt to Reduce the Yield.

Table 19 gives the conditions used in the reaction which were the most

severe used in these studies.

Table 19
Time Temp.
(hours) °oc Pressure
12 320 atm
11 320 20.0 mm
6 320 1.5 om
45 420 1.5 mm

A near-to-theoretical yield resulted from the conditions of this experiment
and 109%Z of theory of a black polymer was obtained.
v. {DA-29-186) Reaction of Dibenzylidine-m-phenylenediamine in PXDA.
The two monomers, 2.84 g. (0.01 mole), were mixed together and then
placed in a 500 ml. round-bottomed flask. The flask was equipped for distil-

lation polymerization and the reaction flask was immersed in a molten metal

bath for the polymerization. The conditions of the reaction are givem in

Table 20,
Table 20

Tinme Temp.

(hours) °c Pressure
2.5 200-240 atm
3.5 240-300 atm
2.5 300 140 om

12.0 360 140 mm
3.0 360 1 om
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During the reaction BA was collected in the receiver. At the end of the
reaction a shiny glass-like black polymer, yield of 125%, was isolated from

the reaction flask.

vi. (DA-29-117) Reaction of D-3-PPPDA and PXDA.

The reaction is given as:

c oHs
zn‘r>c=u-c634-n=c} +n @-:H:ﬂ@-cu—n@ AN
C.H5
fN~<::}N=CB<<:3>CH%n + 2n %>c=u+<::> (eq. 11)
Calis
The bis-ketonanil, 4.88 g. (0.02 mole) and 5.68 g. (0.02 mole) PXDA

were treated as in the previous experiment. The conditions used during the

polymerization are given in Table 21.

Table 21
(:2:is) Ti:p' Pressure
5 270 atm
6 340 140 om

The resulting polymer of this reaction consisted of two parts, a foamed
low-density material and a solid glassy material. When the glassy material
was heated further, it foamed until it also resembled the first part. The
yield of polymer obtained was f331. When the distillate was examined by
means of intrared it appeared to contain a nixture of compounds, but was mostly
aniline. No peaks attributable to diethylketonanil were found.

vii. (DA-29-119) Modification of DA-29-117.

The reaction, DA-29-117, was repeated, varying only the conditions of

polymerization, as given in Table 22,
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Table 22

(:iﬁ:s) Tﬁgp. Pressure
10 290 atm
2 290 atm
1 270 340.0 mm
1.5 270 140.0 om
0.5 300 1.7 mm

The yield of polymer in this reaction was

rated in it a large amount of by-product.

viii. (DA-29-120) Repeat of DA-29-117.

amounts of the monomers remained unreacted, or that the polymer had incorpo-

The color of the reaction product

was brown-black, also indicating incomplete reaction.

The conditions used in this polymerization are given in Table 23.

1467%, indicating that large

Table 23
Time Temp.
(hours) °oc Pressure
10 325 atm
4.5 325 140.0 om
3 325 1.7 mm
17 360 1.7 mm

spatula at bunsen flame temperatures.

ix. (DA-29-139) Further Modification of DA-29-117.

In this experiment, the yield of black polymer was 1107, and considerable

foaming of the polymer was noted when this fusible polymer was heated on a

fied conditions are given in Table 24.
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The temperature of this reaction was higher than that of DA-29-117, and

the time of reaction was increased to produce an infusible polymer.

The modi-




Table 24

Time Temp.

(hours) oC Pressure
4 220 atm
15 310 atm
10 320 140.0 mn
14 320 1.0 ma
25 380 1.0 mm
20 380 0.5 mm

A black, porous, non-~fusible polymer, weighing 1.73 g., 84% yield was
obtained in this experiment. Some volatilization of the reagents appeared to
have taken place during the reaction. The distillate contained only aniline.

b. Solution Polymerizations.
i. (DA-29-140) Reaction of D-3-PPPDA.

Benzalaniline, 3 g., were added to a mixture of 2.44 g. (0.01 mole) bis~
ketonanil and 2.84 g. (0.01 mole) PXDA. The reaction mixture was then poly-

merized under a nitrogen atmosphere and the reaction conditions are given in

Table 25.
Table 25
Time Temp.
(hours) o Pressure
4 220 atm
15 310 atm
10 320 140.0 mmn
14 320 1.0 om
5 380 1.0 mm
20 380 0.5 mm

The reaction product was solid at the end of the reaction time, and a

black, shiny solid polymer was obtained, which weighed 2.89 g., 140% yield.
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¢, Other Solution Polymerizations.

i. (DA-29-155) Reaction of DBPPDA and PXDA in Ethanol.

Two-tenths of a gram, 0.2 g., of each of the two bis Schiff bases were
dissolved separately, each in 200 ml. absolute alcohol. The two solutions
were combined in a 500-ml. beaker at room temperature. The solution was
stirred for two days by means of a mechanical stirrer. No change was observed
in the yellow solution after this time. About 0.25 g. zinc chloride was added
as a catalyst and in two hours a yellow precipitate began to collect. The
amount of precipitate increased over the next twenty-four hours; then it was
collected by filtration. When a melting point of the precipitate was taken,
the precipitate began to melt at about 200°C, then it underwent a gradual
change in color from yellow to red to black. To check possible complex forma-
tion with zinc chloride, 0.25 g. of zinc chloride wad added to each of the two
beakers containing 0.2 g. of each of the monomers in 200 ml. ethanol. After
two days no change had occurred in either of the beakers, and it was concluded
that the isolated precipitate was not a complex of the monomers with zinc
chloride.

ii. (DA-29-157) Repeat of DA-29-155 Using p-Toluenesulfonic Acid
as a Catalyst.

Two separate 200-ml. solutions each containing 0.2 g. of each of the
monomers were mixed. After one hour, no reaction had occurred; then 2 mg. of
p-toluenesulfonic acid was added. Within another hour, a yellow-orange sub-
stance began to precipitate from solution. After separating the precipitate
by filtration and drying it, the weight was 0.082 g. This substance had no
melting point but darkened readily on strong heating. Infrared spectroscopy
showed the characteristic Schiff base bands, and the spectrum of this compound
resembled closely the spectra of low molecular weight polymers obtained in
condensation reactions.
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2. Discussion.

The melt polymerizations of the bis-exchange reaction give products
which are generally of a higher molecular weight than those obtained by any
other polymerization method. This is due to the action of benzalaniline
which is produced during the reaction. The yields, however, generally tended
to be much greater than 100%. No spontaneous reaction of these monomers was
noted as in the carbonyl exchange reaction. Polymerizations employing the
bis-ketonanils as one of the monomers proceeded quite easily, yielding glassy
black materials in many cases. The expected by-product, diethylketonanil, in
the reaction of the bis-ketonanil with PXDA, was never isolated. It is pos-
sible that it is unstable decomposing under the high temperatures used in the
reaction.

The use of a large excess of benzalaniline in the bis~exchange polymeri-
zations, as in DA-29-140, lends little or no advantage to this reaction.
Benzalaniline tends to be incorporated into the polymer to a considerable de-
gree, and is difficult to remove.

Solution polymerizations using the aromatic monomers, DBPPDA and PXDA,
show that the bis Schiff base exchange can occur even at low temperatures
when catalyzed either by zinc chloride or p-toluenesulfonic acid. The faci-
lity with which this reaction proceeds is surprising, as is the ability of
the resulting polymers to be further polymerized to the black stage, a beha-

vior which is not possible with the normal condensation polymers.
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E. Thermal Stability of Monomeric Schiff Bases and Mixtures
with Monoacetal.

If it is assumed that the reason for the higher-than-theoretical yield
of polymer is due to adduct formation between the polymer and a monomeric
Schiff base, which may be present in the system either as a solvent or as a
reaction by-product, then heating at higher temperatures would be expected
to break the adduct and eliminate the monomeric Schiff base. It would also
be expected that the course of the dissociation of the adduct would be
determined by the thermodynamics of the system.

14,15 that Schiff bases form four-

In other studies, Ingold suggested
membered rings by addition across the -C=N- bond of the Schiff bases to
yield structures which were not thermally stable and which, on heating,

yield derived Schiff bases as follows:

w D D,
‘ = |
(DD, D

* (eq. 12)

R3@CH=N@-32
Accordingly, and in view of Ingold's studies, polymerizations and post
heatings of polymerization products were conducted at higher temperatures
for the systems in which the yield of polymer exceeded the theoretical
values. Of major interest to this project are the polymeric Schiff bases
prepared from acetals as one of the reactants.

Prior to undertaking the studies on the polymers at higher temperatures,
the thermal stabilities of Schiff bases, with and without acetal, were

evaluated. Most of the stability experiments were performed at 160°C for
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fourteen hours, and then 260°C for seventy-nine hours in sealed tubes which
had been degassed and sealed at 3 x 10'5 mm Hg pressure, except experiment
DA-26-236, in which variations in time and temperature were made. The re~
action systems and the results are summarized in Table 26.

a. (DA-26-212) Stability of Benzalaniline (BA).

Five grams of benzalaniline (m.p. 49-50°C) were charged in an ampoule
and degassed under 3 x 1().5 wm Hg pressure for five hours. After sealing,
the ampoule was heated at 160°C for fourteen hours and then at 260°C for
seventy-nine hours in a heated molten metal bath. The color of the BA did
not change as a result of this extensive heating at high temperature; and
the melting point of the recovered heated BA, without recrystallizationm,
was 49-51°C. The IR spectra of the BA before and after the heating were
identical.

b. (DA-26-213) Stability of a Mixture of BA and DBPPDA.

Two grams of DBPPDA (m.p. 139-140°C) and 2.5 g. of BA were heated to-
gether in a sealed ampoule under the same conditions as used in DA-26-212.
There was no change in either the color or the IR spectrum of the mixture
before and after heating. From the heated mixture, 1.9 g. of DBPPDA (m.p.
140°C) were recovered by recrystallization from ethyl alcohol and its IR
spectyum was identical with that of authentic DBPPDA.

c. (DA-26-214) Stability of ture o an .

Two grams of PXDA (m.p. 161°C) and 2.5 g. of BA were heated under con-
ditions identical to DA-26-212. On heating, the color of the mixture changed
from pale yellow to golden yellow, but there was no change in the IR spec-
trum of the mixture before and after the heating. On recrystallizing the

mixture from alcohol, 1.7 g. (85%7) of PXDA, m.p. 160°C, were recovered and
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its IR spectrum was identical with that of an authentic sample of PXDA.

d. (DA-26-236) Stability of Mixture of BA and Benzylidenediethyl Ether.

A mixture of 5 g. benzalaniline and 5 g. benzylidenediethyl ether (BDE),
was heated at 180°C for twelve hours, at 230°C for ten hours, and then at
240°C for twelve hours. The IR spectra of the mixture during and after the
heating was identical to that taken before heating.

Table 26

Effect of Heating on IR of Schiff Bases

Exper. Reaction System Wt. IR
No. Gr. | Change
DA-26-212 CgisCH=NC Hg ‘5.0 None
DA-26-213 ggggccgiéigh-mcﬁas 2.0 | Nome
DA-26-214 ggggg‘:am-:gzlslacumc@s ;'(5) None
DA-26-236 ggggggﬁ,‘ggg;,z 2:8 None

2. Discussion.
From the above results it may be concluded that the Schiff bases are
thermally stable and indifferent to each other and to an acetal, except that

they are capable of undergoing an acetal exchange, as shown previously.

F. Reaction of p-Xylylidenetetraethyl Ether, Dibenzylidene-p-
phenylenediamine in Benzalaniline at Temperatures in Excess of 300°C7

1. Polymerization at 300°C.

In Section E above, reaction or adduct formation was not found to occur
in the monomeric systems studied. Studies of this kind were extended to
polymerization systems involving the polyfunctional molecules p-xylylidene-
tetraethyl ether (XTEE) with DBPPDA, in which BA would be used as a solvent.

The reactions were performed at elevated temperatures under a nitrogen at-
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mosphere at reduced pressure. The reaction conditions and results are
- summarized in Table 27.
Table 27

Reactions of XTEE and DBPPDA Under Various Conditions

Exper. l&eaction Temp. lll:eactiml: Polymer | Appearance
No. C/mm Hg Pressure| Intervals| vi.14 9 of
(hours) Polymer
Cof 200-220/14 42.5 black, par-
DA-26-211 | 344_340/14w2.5 24.5 132 | tially brown
280-300/760 6.5
DA-26-215 | 280-300/300+100 16.0 137 brown
290-300/2.5 6.0
170-180/500 0.5
DA-26-229 | 215-240/340+140 17.0 300 black-brown
300-350/1.5 12.0
. 220/140 4.0
- DA-26-232 | 220-270/140+1 12.0 185 black
300-320/1 4.0

a. Experimental.
i, (DA-26-211) Reaction of DBPPDA and XTE in BA.

A mixture of 3.027 g. of DBPPDA, 3.0 g. of XIE and 3 g. of BA was poly-
merized in a suitable reaction flask according to the following cycle:

17.0 hours at 220°C at 200 mm Hg pressure;
1 4.5 hours at 220°C at 80 mm Hg pressure;
9.0 hours at 220°C at 50 mm Hg pressure;
12.0 hours at 220°C at 14 mm Hg pressure;
5.5 hours at 300°C at 14 mm Hg pressure;
19.0 hours at 300°C at 2.5 mm Hg pressure.

During the reaction 3.9 g. of distillate was collected in a water-cooled
receiver and it was found to contain BA and BDE. In a 002 trap, 0.6 g. of
ethyl alcohol was recovered. The yield of black polymer containing brownish
areas was 2.9 g. (132% yield).
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ii. (DA-26-215) Repeat of DA-26-211 Under Different Conditions.

The same amount of materials were used as in DA-26-211 but were reacted

under the following conditions:

6.5 hours at 280-300°C at 760 mm Hg pressure;
14.0 hours at 280°C at 300+200 mm Hg pressure;
2.0 hours at 300°C at 100 mn Hg pressure;
6.0 hours at 300°C at 2.5 mm Hg pressure.

The total weight of distillate was 1.9 g. and the weight of the browm polymer
was 3 g. (137% yield). The distillate contained BA and BDE.

iii. (DA-26-229) Repeat of DA-26-211 Under Different Conditioms.

The same reagents and amounts of materials were used as in DA-26-211
but they were reacted under the following conditions:

0.5 hours at 170-180°C at 500.0 mm Hg pressure;
0.5 hours at 215-230°C at 340.0 mm Hg pressure;
0.5 hours at 230°C at 140.0 mm Hg pressure;

16.0 hours at 240°C at 40.0 om Hg pressure;
12.0 hours at 300-350°C at 1.5 mm Hg pressure.

The distillate amounted to 2.1 g. and was shown to contain BDE. The weight
of brown-black polymer was 6.5 g. (3007 yield).

iv. (DA-26-232) Repeat of DA-26-211 Under Different Conditions.

A mixture of 10.09 g. of DBPPDA, 10 g. of XTE and 10 g. of BA was poly-
merized under the following conditions:

4.0 hours at 220°C at 140 mm Hg pressure;
1.0 hours at 220-250°C at 140 mm Hg pressure;

11.0 hours at 250-270°C at 1 mm Hg pressure;
4.0 hours at 300-320°C at 1 mm Hg pressure.

During the reaction a total of 12.3 g. of distillate was collected. The
polymer was black and weighed 13.6 g. (185% yield).

v. (DA-26-235) Repeat of DA-26-211 Under Different Conditioms.

A mixture of 13.18 g. of DBPPDA, 13.23 g. of XTIE (3%excess) and 13.0 g.
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of BA was polymerized under the following conditions:

0.7 hours at 200°C  at 30 mm Hg pressure;
0.8 hours at 210°C at 50 mm Hg pressure;
1.0 hours at 210°C  at 40 mm Hg pressure;
3.0 hours at 240°C at 40 mm Hg pressure;
10.0 hours at 250-260°C at 14 mm Hg pressure;
8.0 hours at 300°C at 1 mm Hg pressure.

The weight of the distillate amounted to 20.7 g. and the weight of the poly-
mer, which was brown, amounted to 17.1 g. (176% yield).

b. Discussion.

It will be observed in the data summarized in Table 27 that the yield
of polymers in these polymerizations conducted in the vicinity of 300°C, is
always higher then 100% of theory, indicating retention of by-products or
of BA. The distillates in these polymerizations were subjected to IR analy-
ses and benzylidenediethyl ether was found in all of them, indicating that
some acetal exchange had occurred with benzalaniline, and that the polymer
chains were telomerized by the aniline moiety.

Within the temperature range used in the polymerizations, the yields
were not markedly reduced with slight increases in temperature. It seemed
obvious that higher temperatures would be required to eliminate materials
retained in the polymer.

2. Post-Heatings of Polymerization Products.

Post-heating at elevated temperatures of some of the polymers listed in
Table 27 were performed in an attempt to eliminate adduct components or
retained reagents from the polymers. The heated polymers are coded with an H.
The conditions and the final yields reached by post-heating under the spe-

cified conditions are summarized in Table 28.
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Table 28

Yields of Post-Heated Polymers

ool b e e
(hours) | Heating Heating
DA-26-211.H 320-250/2-3 60 132 103
DA-26-215.H 320-350/2-3 60 137 119
DA-26-232.H 320-350/1 24 185 166
DA-26-233.H 340-350/1.0 36 140 124
DA-26-235.H-1|  360-420/0.5 10 176 149
DA-26-235.H-2|  360-420/0.2 45 176 146
DA-26-235.H-3|  360-420/0.2 74 176 145
DA-26-237.H-1|  360-420/0.5 10 156 130
DA-26-237.H-2|  360-420/0.2 45 156 123
DA-26-237.H-3|  360-420/0.2 A 156 118

a. Experimental.
i. DA-26-211.H.

Polymer DA-26-211, 0.9087 g., was heated at 320-350°C for sixty hours
under a flow of nitrogen at 2 ~3 mm Hg pressure. Yield, 0.7038 g.; weight

decrease, approximately 237 of original weight.

ii. DA-26-215.H.

_Polymer DA-26-215, 1.0143 g., was heated at 320-350°C for sixty hours
under a flow of nitrogen at 2~/ 3 mm Hg pressure. Yield, 0.8913 g.; weight
decrease 127 of original weight.

iii. DA-26-232.H.

Polymer DA-26-232, 2.823 g., was heated under 1 mm Hg pressure of nitro-
gen for twenty-four hours. Yield, 2.543 g.; weight decrease approximately
10% of original weight.

iv. DA-26-233.H.

Polymer DA-26-233, 1.1795 g., was heated at 340-350°C for thirty-six
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hours under 10 mm Hg pressure of nitrogen. Yield, 1.003 g.; weight loss
approximately 15% of original weight.

v. DA-26-234.H-1.

Polymer DA-26-234, 1.401 g., was heated at 340-350°C for twelve hours
under 1 mm Hg pressure of nitrogen. Yield, 1.000 g.; weight decrease,
approximately 40% of original weight.

vi. DA-26-234.H-2.

Polymer DA-26-234, 1.2655 g., was heated at 340-350°C for thirty-six
hours under 10 mm Hg pressure of nitrogen. Yield, 0.023 g.; weight decrease,
approximately 117 of original weight.

vii. DA-26-235.H.

Polymer DA-26-235 was used as the sample; all heatings were performed
at 360°C under a nitrogen flow, and in some cases the distillate was

collected and identified.

Initial | Final { Weight
Weight | Weight| Loss | Distillate
2. gr. %

DA-26-235.H-1] 2.332 1.9811 15.0 | DA-26-235.R-1-D
DA-26-235.H-2} 3.009 2.483| 17.0 | not collected

DA-26-235.H-3-D-1
DA-26-235.H-3| 2.003 | 1.656| 17.5 | 5¢ 535 5-3-p-2

Exper.
No.

viii. DA-26-237.H.

Polymer DA-26-237 was used as the sample; all heatings were performed

at 360°C under nitrogen flow, and the distillates collected and identified.
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Exper. Initial{ Final | Weight . .
Ng. Weight | Weight | Loss :1me Distillate
gr. gr. % ours

DA-26-237.H-1 }2.1110 | 1.7715 16 10 DA-26-237 .H-1-D

DA-26-237.H-2 | 2.668 2.155 21 45 DA-26-237 .H-2-D
DA-26-237 .R-3-D-1
DA-26~237 .H-3-D-2

DA-26-237.H-3 | 1.757 1.331 24 75 DA-26-237.H-3-D-3
DA-26-237 .H-3-D-4

b. Discussion.

The data in Table 28 indicates that post-heating at temperatures above
300°C does cause a reduction in the high yield toward the direction of theo-
retical yields. Also, it may be noted that longer periods of time at highly
reduced pressures tend to reduce the yield more effectively than at lower
pressures. They may be indicative that the elimination is diffusion-
controlled and this would be expected to be low for large by-product mole-
cules. The reduction may be due not only to elimination of retained by-
products or BA solvent, but also to an increase in the degree of polymeri-
zation.

3. Identification of Distillates Due to Post-Heating.

It was hoped that the nature of the chemical processes that occurred
during post-heating could be resolved by identifying the distillates col-
lected during the post-heating period. The distillates were collected and
their composition determined from their IR spectra. The distillates from
the heated polymers are identified by the letter D. The results are sum-
marized in Table 29.

From the data of Table 29 no positive conclusion can be made concerning
the dissociation reaction of four-membered ring adducts as suggested by

»1 .
Ingoldla > because the yields are still higher than the theoretical values,
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Table 29

¢ Identification of Distillates Obtained During Post-Heating of Polymers
i
- Reaction Condition
Exper. No. °C/um Hg Pressure | Kind of Eliminated Material
. : Hours

C6H5CH=N'C6H4'N=CH'C6HS
DA-26-235.H-1-D 360-420/0.5 : 10 HyN-CH,-NH, and small amount
of CgHsNHy and CgHsCH=N-CgHs

: CgH5CH=N-CgH, -N=CB-CgHs5 and
DA-26-235.H-3-D-1 | 360-390/0.2 : 35 small amount of CgH5CH=N-CgHs,

C6H5CH=N'06H4N‘N=C6H5, C6H5C0(1‘1,

360-380/0.2 : 24 HzNC6H4NH2, C6H50H=NC6H5,

400-420/0.2 : 15 | CcH,(COOH),, CelsNH,(?) and
a?dehydes (&3]

DA-26-235.H-3-D-2

DA-26-237.H-1-D | 360-420/0.5 : 10 | almost all HpyNCgH,NHp

HoNCgH4NHy and small amount of
. DA-26-237 .B-2-D 360-420/0.5 : 45 CelighH;, CgligCH=NC¢Hs and

- DA-26-237.H-3-D-1| 360-38070.2 : S | HyNCgHyNH)

26 -3-D- - . CgH5CH=NCgH,N=CHCgH5, HpNCgH,NH7,
DA-26-237.H-3-D-2 | 360-380/0.2 : 30 CeHLCH-NC JHly and CghgNHy

DA-26-237.H-3-D-3 | 360-380/0.2 : 24 | CeHSCH=NCgH,N=CHCgH5 and
H,NC H, NH,

Wet resinous material; no
DA-26-237 .H-3-D-4 | 400-420/0.2 : 15 -NHy and little of -Cehy-

and the amount of eliminated CgHsCH=NCg¢Hs is always less, on a molar basis,
than the other compounds found in the distillate. Each compound found in
the distillates collected during the post-heating may be considered as
having an origin as follows:

. i) Originally present in the polymer system as a solvent or as a

reaction product;
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ii) It arises as a product eliminated from adducts, including
four-membered ring structures. |

e b. HpN-CgH,~-NHy and CgHg5CH=NCH/N=CHC¢Hs .

G.M. Badger et al have reported16 that benzalaniline in solution in
concentrated sul furic acid is photochemically converted to a mixture of
phenanthridine and benzylaniline. If this type of reaction occurs, even to
low degree in Schiff bases polymerizations, or during post-heating at higher
temperatures, the polymers obtained would underge some ring closures, and
then from such units HpNCgH,NHy and CgHgCH=NCgH;/N=CHCgHg5 could be eliminated
as by-products of thermal decomposition by such reactions as shown in

equations 13 and 14.
=CH -

-N=CH__
) JAN
- 71 \H
Ve

» =CH- // - F\.

N “and ~-NHCH -(f\\-cu NS VN - (eq. 13)

-N \\/‘ // 2\ \"/ 1
7
P Ve

Then, HpN-CgH,-NHy, CgHgCH=N-CgH,-N=CHCgHs may be produced by pyrolysis, thus

=cn-@cn - Ny -clig-, {0 m-mz@m—n@-m@mzom@
nzu@mz @m—u@m@

=cn@cn=cn- \_J’L\ }-NH—CH-:-CH-NH@

In any case, the data and evidence indicates that scission of the poly-

(eq. 14)

mer chain is not significant either during a polymerization or post-heating
at a higher temperature.
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4. IR Spectra of Polymers Before and After Post-Heating.

The infrared spectra of a number of polymers were recorded before and
after post-heating to determine whether or not structural changes occurred
as a result of post-heating. The IR spectra of polymer DA-26-211 before
and after post-heating are shown in Figures i and 2 respectivel&, and of
polyner DA-26-215 before and after heating in Figures 3 and 4 respectively.

The expected decrease in the CgHg-absorption band which would follow
the elimination of adduct products is not observed. Also significant changes
could not be observec in the spectra of the polymers before and after post-
heating.

5. Solvent Extraction of Polymers.

In attempts to determine the origin of the distillates obtained by post-
heating of the polymers, two typical polymers were subjected to extraction
and the extracted materials characterized by their IR spectra and compared
with materials collected curing post-heating. Extractions were performed on
polymers DA-26-235 and DA-26-237 in a Soxhlet apparatus for eighty hours
with alcohol as an extractant; the results are summarized in Table 30.

Table 30

Results of Extraction of Polymers with Ethyl Alcohol

Final Yield
Based on

Weight Loss % |

Polymer Used; | Weight

Exper. No. Amount Loss %

DA-26-235E | DA-26-235;

1.613 g. 15 149

DA-26-237E | DA-26-237;
1.106 g. 15 132
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a. Experimental.
- i. (DA-26-235-E) Extraction of DA-26-235.

Polymer DA-26-235 was treated in a Soxhlet apparatus for eighty hours
. using alcohol as the solvent. The polymer was weighed dry before and after
- the extraction, and the weight of the extracted materials weighed after

evaporation of its alcohol solution. The results are as follows:

initial weight of polymer | 1.613 g.
final weight of polymer 1.372 g.

weight loss 0.241 g.
weight loss % 15.0
amount of extract 0.234 g.

ii. (DA-26-237-E) Extraction of DA-26-237.

Polymer DA-26-237 was extracted under the same condition used im
DA~26-235-E. The IR spectrum of the extracted materials were recorded after

v recovery by evaporation from the alcohol solution. The results are as follows:

initial weight of polymer | 1.106 g.
final weight of polymer 0.945 g.

weight loss 0.161 g.
weight loss % 15.0
amount of extract 0.153 g.

b. Discussion.

The IR spectrum of the material extracted from DA-26-237 showed that it
consisted of CgHgCH=NCgHs, CqHgCH=NCGH, N=CHCHg, HRCgH,NHy and CeHgNHy; and
the shape of its absorption spectrum was almost identical to that of the
distillates obtained in the early stages of post-heating of polymers

DA-26-237-H and DA-26-235-H.
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The decrease in yield on heating is shown in a typical curve in
Figure 5, in which the yield is compared with the value obtained by extrac-
tion. Accordingly, it may be concluded that most of the product eliminated
in post-heating are not the result of the heat dissociation of adducts or
of by-products, at least until the range of the weight loss is about 15%,
but that they are materials which are formed in the early stages of polymeri-
zation and distributed through the polymer mass.

6. General Discussion.

The yield of polymer obtained by reacting XTE and DBPPDA at low tem-
peratures is much higher than the calculated theoretical yield. When the
polymerizations are conducted at higher temperatures, or the polymer is
post-heated, the yield of the polymer is reduced. However, the yield of
polymers under the conditions evaluated are still above one hundred per cent.
The over-yield may be due to the presence of adducts but their existence
could not be proven. The high yield can be attributed also to an incomplete
polymerization reaction, as shown by the lower yield obtained by post-
heating in contrast to the yield of polymer obtained by extraction.

The weight decrease that occurs during the early stages of post-heating
a polymer at temperatures higher than the low temperature of the preparation
is due to the elimination of by-products formed at the lower temperatures.
The amount of decomposition that occurs on heating at higher temperatures is
negligible, if any; and if it does occur in molecular weight, since cycli-
zation would occur, is not significant. To more nearly approach theoretical
yields, extended heating at temperatures of about 400°C at very low pressures
appears to be necessary. This is predicted on the bases of the extremely
high melt viscosity of the polymers of relatively low molecular weight, and

the solid nature of polymers of slightly higher molecular weight. In such
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a medium of high viscosity, the collision factor would be reduced and the
. products of condensation would have to diffuse out of a medium of high vis-
- cosity. The process, therefore, is diffusion controlled. This behavior,
experienced in the polymerization of XTE with DBPPDA alone or in the pre-
sence of BA confirms the similar experiences of the bis-exchange reactions

of DBFPDA and PXDA.

G. Polymerization of Xylylidenetetraethyl Ether with
m-Phenylenediamine in Benzalaniline.

When m-phenylenediamine (MPDA) and its derivative are used instead of
p-phenylenediamine (PPDA) as the source of the amine moiety in a polymeric
Schiff base, one would expect that the configuration of the polymer derived
from the MPDA would differ somewhat from the polymer derived from PPDA either
in crystallinity or in orientation. Since, in the present work one of the
. most important problems concerns the solubility or fusibility of the polymer
during the polymerization process, it was decided to evaluate m-phenylene-
diamine and some of its derivatives in the synthesis of this class of poly-
meric Schiff bases.
The polymerizations of xylylidenetetraethyl ether with m-phenylenedi-
amine were performed without and with benzalaniline and compared in a number

of cases with p-phenylenediamine. The results are summarized in Tables 31

and 32.
Table 31
Reaction of MPDA and XTE in the Absence of BA
Exper Reaction Condition | Polymer | Appearance
*per. °C/mm Hg Pressure Yield of
] No. : _Hours % Polymer ‘
100/760 : 1.5 almost black
DA-26-274| 170-230/760 : 17.5 108 with dark-
- 230/0.5 : 10.0 brown areas
100/760 : 1.5
N DA-26-275} 170-230/760 : 17.5 254 black
230/0.5 :+ 10.0




Table 32

Reaction of XIE with Diamines in Presence of BA

E Reaction Condition Observation in Appearance
Xper. °C/mm Hg Pressure Fach Stage and Yield
No.

: Hours 7

DA-26-279 90/760 : 1) Solidified after melting| yellow

p-H,yNC H, N, | 100/760 : 18 yellow

230/0.5 s 7 yellow
300/0.1 : 18 150
DA-26-280 90/760 : 1| Viscous solution yellow
m-HyNCH, M, | 100/760 : 18| Very viscous brown-red
230/0.5 : 7| Rubber-like solid red
300/0.1 : 18] Solidified (black) 205
DA-26-281 100-110/760 6| Solidified after melting
p-H,NC H, NH, 240-330/1.5+1.0 : 23 dark-brown
440/1.0 : 24 156
DA-26-282 100-110/760 : 2] Viscous solution reddish-brown
m-H,NC H,NH, | 100-110/760 : 4| Very viscous red
240/1.5 : 7{ Almost solidified black
330/1.0 : 16} Solid black
440/1.0 : 24] Solidified (black) 173

1. Experimental.

a. (DA-26-274) Reaction of

MPDA and XTE.

A mixture of 1.4 g. of MPDA

the following conditions:

ngp. P;:s;;fe Hours| Observations '
100 760 1.5 | Initially homogeneocus
170 760 1.5 | Browm solid
180 760 2.5 | Brown solid
230 760 13.5 | Brown solid
230 0.5 10.0 | Almost black, some brown

and 3.92 g. of XTE were polymerized under

During the reaction 0.8 g. of distillate was collected and the weight of the

polymer was 3.

0g.

(108%).
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b. (DA-26-275) Reaction of MPDA and XIE in BA.

“. A mixture of 1.11 g. MPDA, 3.11 g. of XTE and 5 g. of BA was polymerized

< under the following conditions:

f Tfmp. Pressure | n.,rs | OBservations
c | mmBg
100 760 1.5 Viscous orange solution
110 760 4.0 Very viscous, dark orange
180 760 0.5 Reddish brown; little
viscous flow
180 760 12.0 Dark-brown, no flow
230 0.5 | 24.0 Black, hard solid

During the reaction 2.3 g. of distillate was collected. Yield of black
polymer was 5.6 g. (2547).

c. (DA-26-279) Reaction of PPDA and XTE in BA.

. A mixture of 1.192 g. of PPDA, 3.240 g. of XIE and 5 g. of BA was
. polymerized under the following conditions:
Tfmp. Pressure Hours | Observations
C om Hg
90 760 1.0 Initial melt; yellow solid
100 760 18.0 Orange solid
230 0.5 | 17.0 Brown solid
300 0.1 | 18.0 Brown solid
During the reaction 2.6 g. of distillate was collected and the weight of
brown polymer was 3.6 g. (150%).
d. (DA-26-280) Reaction of MPDA and XTE in BA.
A mixture of 1.010 g. of MPDA, 2.72 g. of XIE and 5 g. of BA was poly-
- merized under the following conditions:
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Tﬁmp. Pressuref yours | Observations

c mm Hg

90 760 0.5 | Yellow fluid melt

90 760 0.5 | Viscous, dark yellow
100 3.5 3.5 | Very viscous; brown
100 13.0 14.0 | Rubbery; reddish brown
230 7.0 7.0 | Hard; very dark red
300 0.1 18.0 | Hard; black.

During the polymerization 2.2 g. of distillate was collected and the yield
of black polymer was 3.8 g. (200%).

e, (DA-26-281) Reaction of PPDA and XTE in BA.

A mixture of 1.446 g. of PPDA, 3.92 g. of XIE and 5 g. of BA were

polymerized under the following conditions:

. Tﬁmp. Pressure | yours | Observations
C mm Hg
100 760 6.0 | Initial melt; yellow solid
240 1.5 7.0 | Dark yellow solid
300 1.0 16.0 | Yellow brown solid
400 1.0 24.0 | Dark brown solid

The yield of dark brown polymer was 4.5 g. (156%).

£. (DA-26-282) Reaction of MPDA and XTE in BA.

A mixture of 1.422 g. of MPDA, 3.820 g. of XIE and 5 g. of BA were

polymerized under the following conditiomns:

Tsmp. Pressure Hours| Observations
C mm Hg
100 760 6.0 | Red, viscous fluid
240 1.5 7.0 | Dark red almost solid
330 1.0 16.0 | Dark brown solid
440 1.0 24.0 | Black solid
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The yield of black polymer was 4.9 g. (173%).

2. Discussion.

The difference in the behavior of m-phenylenediamine and p-phenylene-
diamine when subjected to polymerization with p-xylylidenetetramethyl ether
is very marked. In the absence of benzalaniline, the polymer obtained with
MPDA is dark-brown, almost black, compared to the yellowish polymer obtained
vhen PPDA is used. The yield with MPDA is slightly higher than 100%, whereas
with PPDA the yield is still much higher. The difference is due to the fact
that the system based on MPDA remains fluid much longer allowing propagation
to occur to a higher conversion. However, in both cases, conversion to the
black polymer is facilitated by the use of BA as a solvent, but due to in-
complete elimination of BA as a result of telomerization by BA, an increase
in yield over theory is observed. It was also noted that the polymers pre-
pared in the presence of BA could be heated at temperatures as high as 440°C
(DA-26-281 and DA-26-282), yet there was no marked evidence of liberation of
BA or of decomposition. This would indicate that the polymers had been telo-
merized by BA and that the chain ends were frozen in a medium of associated
polymer chains of extremely high viscosity, thereby retarding chain-end
coupling.

H. Polymerization of Xylylidenetetraethyl Ether with Di-
benzylidene-m-phenylenediamine in Benzalaniline.

The polymerization of dibenzylidene-m-phenylenediamine (DBMPD) and XTE
was performed in the presence of BA and compared to one performed without

BA. The results are shown in Table 33.
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Table 33

Yields in Polymerization of DBMPD and XTE

Exper. BA Yield | Appearance
No. % of Polymer
DA-26~283 | present 148 |{black
DA-26-284 | present 155 |black
DA-26-286 | absent 107 {black

1. ggggtimental.

a. (DA-26-283) Reaction of DBMPD and XTE in BA.

A mixture of 1.7 g. of DBMPD, 1.818 g. of XTE and 5 g. of BA was reacted

under the following conditions:

Timp' Pressure Hours | Observations
C mn Hg
170-180 15.0 2 yellow-to-brown solution
200 15.0 brown solution
230 15.0 6 dark brown, viscous
340-350 0.5 19 black solid

The yield of black polymer was 1.85 g.

b. (DA-26-284) Reaction of DBMPD

(148%).

and XTE in BA.

A mixture of 1.5 g. of DBMPD, 1.5

under the following conditions:

g. of XTE and 5 g. of BA was reacted

Ti:p' P;;i;:fe Hours | Observations

180 15.0 2.0 | brown solution

205 15.0 1.0 | dark brown, viscous
230 15.0 2.5 | very viscous

250 15.0 13.0 | almost solid

270 0.2 27.0 | black solid

The yield of black polymer was 1.66 g. (155%).
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c. (DA-26-286) Reaction of DBMPD and XIE.

A mixture of 1.39 g. of DBMPD and 1.399 g. of XTE was reacted under

the following conditions:

. Tﬁmp. Pressure | gours | Observations
g C mm He 7
180-190 15.0 2 dark-brown solution, not viscous
230 15.0 4 solid, dark
250 0.2 13 almost black solid
270 0.2 27 black solid

The yield of polymer was 1.1 g. (107%) of a porous, brittle black polymer.

g 2. Discussion.
| The data of Table 33 indicates that benzalaniline is retained in the
polymer, some of it probably as a result of telomerization, and the remainder
in solution in the polymer. Though a black polymer is obtained in the reac-
tion of DBMPD and XTE in its absence, the black polymer is not readily fu-
. sible and is friable. Nonetheless, the great difference in the behavior of
the meta and the para dibenzylidene derivatives is observable as it was in
their parent diamines. The better fusibility and solubility of the meta com-
pounds allows the reaction to proceed more readily to the black polymer stage.
In the case of p-phenylenediamine, in the absence of BA, the oligomers

which are formed in the early stage of reactions are very imsoluble and infu-

sible in the reaction mass so that propagation of the chain is inhibited.

For this reason only yellow products are obtained in this reaction system.
However, the oligomers obtained in the polymerization of xylylidenetetraethyl
ether with m-phenflenediamine have zig-zag type of configuration which gives
the oligomer greater solubility and fusibility. These properties make possi-

ble the further propagation of the olipomer to a higher molecular weight and

- color of the polymer changes from yellow to darker colors. In this system,
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dark-brown, almost black, polymers are obtained almost quantitatively. In
contrast, in the polymerization of DBMPD with XTE the yields are always over
100% but are much lower than when DBPPDA is used as a starting material.

I. Pol rization of Phenylenediamines or Dibenzylidene-
phenylenediamines in an Excess of Xvlylidenetetraethyl Ether.

The types of polymerizations given in equations 15 and 16 were studied:

Et
gx _\\?'mz + %ﬂ (excess)

Ezl‘ EtO

ow temperature

QEt
CH/

o’ -@CH-_-N’@ e NoEt
Et

Alhigh temperature

%ﬂ@ca_n@}n S @ca\mj (eq. 15)

and

@CH#@ m@ﬁj’ o’ @-CB (excess)
oL+ ]
Et

%a /\A:{a—n@\ilr R \::T (eq. 16)

The purpose of these studies then is to evaluate the use of xylylidenetetra-
ethyl ether as a solvent instead of benzalaniline. It was hoped that the
solubility of the intermediate oligomers would be increased by having both
ends telomerized by xylylidenetetraethyl ether. The studiés were performed
using p- and m-phenylenediamine, and p- and m-dibenzylidenephenylenediamine
as the amine reagent with XTE. The results are summarized in Table 34.
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Table 34

Polymerizations 'lith Excess of Xylylidenetetraethyl Ether

' Exsor No Excess Yield
xocr BO. J_Acetal fs A--~earance of Polymer
| Mole % “
DA-26-290 200 black
p-lisNCeH,Nig i01 | partially dark-brown
DA-26-291 200 black
DA-26-293 100 black
Divenzylidene-1 -~ 58
phoaylenediamin~
DA-25-294 10C black
Dilteunzylidene-m- 50
phenylenediamine
DA-Z26-295 100 black
Dibenzylidene-p- 143
phenylenediaminz
DA-26-206 100 black
Dibanzylidene-m- 163
phenylenediamine

1. Experimental.

a. (DA-26-290) Reaction of PPDA and XTE.
A mixture of 0.99 g. of P?DA and 8.1 g. of XTE (1:3 mole ratio) was

reacted under the following conditioms:

Timp. Presiure Hours | Cbservations
C mm Lg
140 760 3.5 | yellow solid
180 1 1.0 | yellow solid
330 0.6 15.0 | brown solid
370 0.6 5.0 | black and brown solids

During the course of the reacticn 4.6 g. of XTE were recovered as distillate;

and the weight of the polymer was 2.0 g. (101%).
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b. (DA-26-291) Reaction of MPDA and XTE.

A mixture of 1.040 g. of MPDA and 8.1 g. of XTE (1:3 mole ratio) was

reacted under the following conditions:

Tﬁmp. Pressure Hoursr Observations
C om Hg
140 760 1.0 | yellow solid and liquid
140 1 2.5 | viscous with yellow solid
180 1.0 | dark-brown-orange solid
330 0.6 15.0 | black solid

During the course of the reaction 2.9 g. of XTE were recovered and the yield

of polymer was 2.4 g. (1157%).

c.

{DA-26-293) Reaction of DBPPDA and XTE.

A mixture of 1.011 g. of DBEPPDA and 2.022 g. of XTE (1:2 mole ratio)

was reacted under the following conditions:

Tfmp. Pressure | y,rs| Observations
C mm He

180-200 20.0 2 thin yellow solution
240 10 19 brown viscous solution
300 0.4 12 very viscous dark-brown
400 0.4 12 black solid

0.5 g. of DBPPDA were recovered.

The yield of black polymer was 0.45 g.

During the reaction 1.7 g. of liquid distillate (C;H508 and XIE) as well

{(68%) due to incomplete reaction of DBPPDA.

d. (DA-26-294) Reaction of DBMPD and XIE.

as

A mixture of 1.122 g. of DBMPD and 2.244 g. of XTE (1:2 mole ratio) was
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reacted under the following conditions:

Temp. Pressure | pours | Observations
C mn Hp

180-200 20.0 2 thin brown solution
240 10.0 19 dark brown, viscous
300 0.4 12 black solid

During the reaction 1.45 g. of liquid distillate of alcohol and XIE were
recovered. Also recovered were 0.4 g. of DBMPD. The yield of black polymer
wvas 0.5 g. (60%7).

e. (DA-26-295) Reaction of DBPPDA and XJIE.

A mixture of 2 g. of DBPPDA and 4 g. of XTE (1:2 mole ratio) was re-

acted under the following conditions:

Ts:p. Pr::f;;e Hours { Observations
220-240 | 200 2.5 | dark-brown solution
220-240 | 100 3.5 | viscous, dark-brown
280 1.0 7.0 | solid brown-black
360 1.0 48.0 | black solid
400 1.0 14.0 | black solid

During the reaction 1.3 g. BDE and 0.8 g. XIE were recovered and the yield
of polymer was 2.1 g. (1437).

£. (DA-26-296) Reaction of DBMPD and XTE.

A mixture of 2 g. of DBMPD and 4 g. of XTE was reacted under conditions
identical to those given in DA-26-295. The polymer obtained was black and
amounted to 2.4 g. (163%).

2. Discussion.

The following conclusions may be drawn from the above results. The
polymerization of p-phenylenediamine with excess amount of xylylidenetetra-
ethyl ether produced dark brown-black polymer with approximately 100%Z yield.
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During the first -stage of the low reaction temperature, 91% of theoretical
amount of alcohol was recovered, and in the further stages, at the higher
reaction temperature, 85% of theoretical excess of xylylidenetetraethyl ether
was recovered, indicating that this reaction proceeds in the manner indicated
in equation 15.

In the case of the reaction using m~phenylenediamine with XTE in excess,
the polymer was produced in a yield in excess of 100%; this is in contrast
to an equimolar polymerization reaction and is attributable to the low re-
activity of the meta-substituted oligomers. This observation was also con-
firmed in the difference in yield between dibenzylidene-p-phenylenediamine

and dibenzylidene-m-phenylenediamine.

J. Polymerization of Xylylidenetetra-n-butyl Ether with
p-Phenylenediamine or its Derivatives.

In the polymerizations of diacetals and diamines and their derivatives,
it was considered1 that reactions proceeded through an intermediate state
from which the alcohol was eliminated. When the intermediate is soluble or
fusible, propagation of the chaiq proceeds to a high degree since it will not
be retarded by precipitation from the medium; then the intermediate will con-
vert to a Schiff base polymer of high molecular weight. Too, the molecular
weight of a polymer depends on the stability of the intermediate as well as
on its solubility and fusibility. On this basis, it was decided to evaluate
a different alkyl group in the acetal. 1In the following reaction, one would

expect that stability of the intermediate would increase with the size of R:

® B
M + -@Nﬂz - @f‘-——:&\@- + ROH + @-ca:u@— (eq. 18)

For this evaluation, xylylidenetetra-n-butyl ether (DA-26-259) (XTBE) was

chosen for comparison with the tetraethyl ether (XTE)
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1. Polymerization of Xylylidenetetra-n-butyl Ether with
g-l’henzl enediamine.

The results obtained in these studies are shown in Table 35.

Table 35

Polymerization of XTBE with PPDA,

Fail e b e
DA-26-261 | Bulk 93 | browm
DA-26-262 | DMA 93 | brown
DA-26-263 | DMF 111 | yellow
DA-26-264 | Bulk 104 | yellow
DA-26-266 | Benzalaniline | 86 yellow

20 wt. %
DA-26-267 | Benzalaniline | 94 yellow

50 wt. %

a. Experimental.

i. (DA-26-259) Synthesis of Xylylidenetetra-n-butyl Ether.

A mixture of 30 g. TA, 150 g. n-C4HqgOH, 2 g. p-CH3CgH,SO3H and 200 ml.
benzene was heated at reflux in a Dean-Stark apparatus and the water formed
by the reaction was collected in the trap. The reaction was continued for
eleven hours and the amount of water separated was 7.9 ml. (99% of theory).
Then, after neutralizing the reaction mixture with aqueous NapC03, the
product was dried over anhydrous Na,CO; and fractionally distilled. The
fraction boiling at 163°C at 0.4 mm Hg pressure (847) was collected and its
IR spectrum recorded.

ii. (DA-26-261) Reaction of PPDA and XTBE.

A mixture of 1.212 g. of PPDA and 3.636 g. of XTBE was reacted under

the following conditions:
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TeTp. Pressure Hours| Observations
C mm Hg
160 760 1 thin yellow melt
-7 160 15 3 yellow solid
" 220 15 5 dark yellow solid
- 250 15 40 brown solid
|

The yield of polymer was 1.6 g. (93%).

iii. (DA-26-262) Reaction of PPDA and XTBE in Dimethylacetamide (DMA).

A mixture of 1.370 g. PPDA, 4.104 g. of XTBE and 6 g. of DMA was re-

acted under the following conditions:

Tf:p‘ Tr::sg;? Hours | Observations
40-60 760 1 yellow solution
160 760 4 yellow solid
200-220 760 5 dark yellow, solid
250 760 40 brown solid

The yield of polymer was 2.4 g. (93%).

iv. (DA-26-263) Reaction of PPDA and XTBE in Dimethyl formamide (DMF) .

A mixture of 1.166 g. of PPDA, 4.660 g. of XTBE and 10 g. of DMF was

reacted under the following conditions:

Tsmp. Pressure Hours | Observations
C om He

160-200 760 2.5 | yellow solution
200 760 0.5 | yellow precipitate
230 760 20.0 | yellow solid

The yield of polymer was 2.6 g. (111%Z) and about 90% of the theoretical
amount of butyl alcohol was collected during the reaction.

v. (DA-26-264) Reaction of PPDA and XTBE.

A mixture of 1.247 g. of PPDA and 4.988 g. of XTBE was reacted under
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Temp. Pressure
°c m Hg Hours | Observations
- 160-200 760 2 yellow solution
° 230 760 20 yellow solid

the following conditions:

The yield of yellow polymer was 2.6 g. (104%Z) and 807 of the theoretical
amount of butyl alcohol was collected during the reaction.

vi. (DA-26-266) Reaction of PPDA and XTBE in BA.

A mixture of 0.906 g. of PPDA, 3.618 g. of XTBE and 1.0 g. of BA was

reacted under the following conditions:

Tefp. Pressure | yours | Observations
C mn Hg

200-210 15.0 0.7 | yellow solution
220 15.0 4.0 | yellow precipitate
250 0.8 20.0 | yellow solid

The yield of yellow polymer was 1.55 g. (86%).

vii. (DA-26-267) Reaction of PPDA and XTBE in BA.

A mixture of 1.125 g. PPDA, 4.500 g. of XTBE and 5 g. of BA was reacted

under the following conditions:

Tigp. P;;s;;fe Hours | Observations

220 760 0.1 ] yellow solution
220 760 4.9 | yellow precipitate
250 20 12.0 | yellow solid

310 0.5 72.0 | yellow solid

The yield of yellow polymer was 2.1 g. (947).

- b. Discussion.

In every case, the reactivity of xylylidenetetra-n-butyl ether was
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remarkably low and reaction did not occur below 150°C. However, on in-
creasing the reaction temperature to about 160°C, a reaction was observed
after about one hour of heating. The yield of polymers in all cases was
almost theoretical. It is surprising the yield was not over 100% even in
those polymerizations performed in the presence of benzalaniline. Unexpec-
tedly, all products are yellow. The low yield in DA-26-266 was due probably
to loss of low molecular weight products by distillation during the reaction.

The low reactivity of XTBE can also be attributed to steric factors.

2. Polymerization of Xylylidenetetra-n-butyl Ether with
Dibenzylidene-p-phenylenediamine.

The results obtained in these studies are summarized in Table 36
Table 36

Reaction of DBPPDA and XTBE

E;g?r. Solvent | Catalyst zgi{:e; ﬁgpgzzgggi
DA-26-268 | Bulk None 0 no reaction
DA-26-270 | BA None 0 no reaction
DA-26-272 | DMA Yes 100 brown-black
polymer

a. Experimental.

i. (DA-26-268) Reaction of DBPPDA and XTBE.

A mixture of 1.81 g. of DBPPDA and 2.53 g. of XTBE was reacted at 200°C
at 15 mm Hg pressure for three hours, and at 240°C at 15 mm Hg pressure for
twenty-four hours. Reaction did not occur and the reactants were recovered.

ii. (DA-26-270) Reaction of DBPPDA and XTBE in BA.

A mixture of 1.25 g. of DBPPDA, 1.86 g. of XTBE and 5 g. of BA was re-
acted at 220°C at 760 mm Hg pressure for four hours, then at 220°C at 15 mm
Hg pressure for twelve hours, followed by 240°C at 15 mm Hg pressure for
three hours. Reaction failed to occur and the reagents were recovered.
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iii. (DA-26-272) The Catalyzed Reaction of DBPPDA, XTBE and BA.

A mixture of 1.50 g. of DBPPDA, 2.31 g. of XTBE, 20 g. of DMA and 0.1 g.
of p-~CH3CgH,SO3H was reacted at 280°C at 15 mm Hg pressure for twelve and
one-half hours. The mixture became black and as the DMA distilled out, the
solution became very viscous and finally solid. Yield of black polymer was
1.1 g. (100%).

b. Discussion.

The polymerization of XTBE with DBPPDA does not occur without a cata-
lyst even at 240°C; however, by using a catalyst the reaction proceeds

quantitatively and black polymer products are obtained.

3. Polymerization of p-Xylylidenetetra-n-butyl Ether with
Di-N-Acvyl -p-phenylenediamine (DAPD).

The results of these studies are shown in Table 37.
Table 37

Polymerization of XTBE and DAPD

EXPer- 5ol vent | catalyse | PoLymeT Appearance
DA-26-271 BA none 0 | =--=-
DA-26-269 DMA none 0 | «-a--
DA-26-273 DMA yes 106 black

a. Experimental.

1. (DA-26-271) Reaction of DAPD and XTBE in BA.

A mixture of 3.02 g.of DAPD, 1.13 g. of XTBE and 5 g. of BA was reacted
at 220°C at 760 mm Hg pressure for sixteen hours; at 240°C at 760 mm Hg
pressure for four hours, then at 240°C at 15 mm Hg pressure for eleven
hours. Reaction did not occur and the reagents were recovered.

ii. (DA-26-269) Reaction of DAPD and XTBE in DMA.

This reaction is identical to DA-26-271 except that dimethylacetamide
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was used instead of benzalaniline. In this case also no reaction
occurred.

iii. (DA-26-273) Catalyzed Reaction of DAPD and XTBE in DMA.

A mixture of 1.13 g. of DAPD, 3.10 g. of XTBE, 10 g. of DMA and 0.2 g.
of p-CH3C68a803H was reacted at 200°C at 760 mm Hg pressure for twenty-three
hours, and at 280°C at 15 mm Hg pressure for eighteen hours, yielding 1.3 g.
(106%) of a black solid polymer.

b. Discussion.

The reaction of XTBE with DAPD in the absence of a catalyst does not
proceed. However, it can be catalyzed by p-toluene sulfonic acid, then
black polymers are produced in almost quantitative yields.

K. Preliminary Evaluation of a Mixed Acetal and its Polymerization
Reaction with Diamine.

In Section J, the reactivities of xylylidenetetra-n-butyl ether to
amine and amine derivatives were shown to be very low. It was hoped that
a mixed diacetal, that is, one containing the relatively unreactive butyl -
group along with a more reactive alkyl group, such as the ethyl group, woﬁld
yield a high molecular weight fusible intermeidate, which then, on heating,
would be copvented to a high molecular weight Schiff base polymer. For
example, the polymerization reaction between the mixed ethyl-butyl-diacetal

and the diamine would proceed as shown in equation 19:

- o- Bu
:‘:‘;ca@a(o -: +nzu@m2 - EteH + @E;-g@
Intermediate

—_ -@-cu:n@- + BuCH (eq. 19)

1. Synthesis of a Mixed Diacetal.

The procedure19 given by Alquier was used to synthesize
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BuO gBu
“CH-C¢H,, -CH (XEBE) .
Et0” “eEt

a. (DA-26-276) Synthesis of a Mixed Acetal.

Xylylidenetetraethyl ether (XTE) 14 g. and 10 g. of xylylidenetetra-n-
butyl ether (XTBE) in 150 ml. of benzene containing 0.4 g. of p-CH3CgH,SO4H
were refluxed for twenty hours and the product fractionally distilled. The
fraction (13 g.) boiling at 142-148°C at 0.2 mm reduced pressure was collec-
ted. This fraction appeared to be a mixture of (EtO)ZCHCGHACH(OBu)z and
5 -C.H -CH’pEt The mixture was used in the polymerization as compound
Buo/cﬂ &4 " opu
KEBE.

2. Polymerization of a Mixed Acetal with p-Phenylenediamine.

The conditions and results are shown in Table 38.
Table 38

Reaction of PPDA and XEBE

Exper. Reaction Condition | Yield
No. °C/mm Hg : Hours %

DA-26-278 | 180/760 mn Hg : 3
240/760 mn Hg : 14| 98 yellow

Appearance

a. Experimental.
i. (DA-26-278) Reaction of PPDA and XEBE.

A mixture of 1.112 g. of PPDA and 3.65 g. of XEBE was reacted at 180°C
at 760 mm Hg pressure for three hours; then at 240°C at 760 mm Hg pressure
for fourteen hours. Both ethanol and butanol were collected in the distil-
late. The polymerization occurred readily at 180°C, and the yellow polymer
precipitated without passing through a viscous stage. Yield of yellow

powdery polymer was 2.3 g. (1047).
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b. Discussion.

In this experiment, the purity of the mixed acetal was doubtful,

that no conclusion can be drawn as to whether or not the mixed acetal tech-

nique is superior to the use of a standard acetal.

L. Polymerization of Xylylidenetetraalkyl Ether with Monobenzal-
phenylenediamine g_;ngnz.

The polymerization reactions given by equation 20 were studied:

@-Gﬂ-:ﬁ@ﬁz o -cau4 \::

[1 wole]
[1 mole]

ow temperature

@cn:u@-m@ca\/:t + 2 EtoH T
t

/ @cn:n@)
higher temperature
DD asd Dl

+@ca\{::1r +:1\ ‘(eq. 20)
* D

The reaction scheme in equation 20 is, of course, idealized, since, in the

first stage of this reaction there is a high probability that in addition

Rt
to the formation of @-mm@-m@cn’ , some
“OEt
@ma@n:ca@m:n@m@ will also form, leaving unreacted

EtO EtQ OEt
0108068408\(”‘ If a large excess of /ca-c634-cn/ is used, this
Et Et0 “oEt

probability would be diminished. Accordingly, equimolar reactions and re-

actions with excess amounts of xylylidenetetraethyl ether were performed.
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Both xylylidenetetra-n-butyl ether and xylylidenetetraethyl ether were used.
Because of the reduced reactivity of the tetra-butyl ether, it should be
possible to achieve the reactions given by equation 21 by controlling the

reaction conditions.
BuO\ OBu
CH=N NMi, +  CHCH,CH”
2 6"4
BuO Bu

over 160°C

p-Cﬂ3-C654-803H
=u@-n=cu@ca= + Q&cu\’oBu (eq. 21)
OBu
The results of these studies are summarized in Table 39.

Table 39

Reactions of MBPD and XTE or XTBE

Ratio of
Exper. No. Atetal | Acetal to | Solvent | Cata- | Yield Appearance
Schiff Base lyst %
or Amine
DA-26-299 Et 1 none none 103 | dark brown
DA-26-300 Et 1 DMF none 98 dark brown
DA-26-301 Et 1 none none 97 brown-black
DA-26-302 Et 1 DMF none 99 | black
DA-26-305
with Et 1 none none 120 black
CGHSCH=NC6H5
DA-26-306
with Et 1 DMF none 125 | black
DA-26-307 Et 3 none none 95 black
DA-26-308 Bu 1 DMF | nomne 95 | black
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1. Experimental.
a. (DA-26-292) Synthesis of Monobenzal -p-phenylenediamine (MBPD) .

A mixture of 320 ml. of alcohol and 20 g. of p-phenylenediamine was
placed in a flask equipped with a stirrer and a reflux condenser, and the
mixture heated at 50°C. When the diamine was dissolved in the alcohol, 15 g.
of benzaldehyde was added dropwise over a period of three hours with con-
tinuous stirring. Then the alcohol was removed by evaporation in a flash
evaporator at room temperature. Then 100 ml. of benzene was added and an
insoluble fraction was removed by filtration; it amounted to 5.0 g., m.p.
138°C, and was identified by its IR spectrum as p-phenylenediamine. The
benzere filtrate was concentrated in a flash evaporator, and the solid pro-
duct was recrystallized twice from 50 ml. of ethyl ether. The yield of
yellow product, m.p. 63-65°C amounting to 22 g. is very soluble in alcohol,
benzene and ether, and is insoluble in n-hexane. Its IR spectrum was re-
corded.

b. (DA-26-299) Reaction of MBPD and XTE.

A mixture of 2,09 g. of MBPD and 3.02 g. of XTE was xe;cted under the

following conditioms:

Timp. Pressure Hours| Observations

C mm Hg

150 300 5.5/ partial melt; yellow solid
230 150 12.0|{ brown solid

340 1 20.0| dark brown solid

The yield of polymer was 2.3 g. (103%).

c. (DA-26-300) Reaction of MBPD and XTE in DMF.

A mixture of 1.348 g. of MBPD, 1.940 g. of XTE and 10 g. of DMF was

reacted under the following conditions:
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Te?p- Pressure | y,urs | Observations
C mu Hg
150 760 5.5 | yellow precipitate
230 150 12.0 | brown solid
340 1 20.0 | brown-black solid

The yield of polymer was 1.4 g. (98%).

d. (DA-26-301) Reaction of MBPD and XTE.

A mixture of 1.000 g. of MBPD and 1.501 g. of XTE was reacted under the

following conditions:

Tsmp. Pressure Hours | Observations

C mm He

150 10 3 yellow-brown solid
360-400 1 24 brown-black solid

The yield of polymer was 1.03 g. (97%).

e. (DA-26-302) Reaction of MBPD and XTE in DMF.
A mixture of 1.0 g. of MBPD, 1.5 g. of XTE and 5.0 g. of DMF was

reacted under the following conditions:

Temp. Pressure | 4..rs | Observations
°C mn Hg
180 760 6 yellow solid
360-400 1 24 black solid

The yield of polymer was 1.05 g. (997%).

£. (DA-26-305) Reaction of MBPD and XTE in BA.

A mixture of 1.095 g. of MEPD, 1.580 g. of XTE and 1.0 g. of BA was
heated at 760 mm Hg pressure at 180°C and raised over the period of thir-
teen hours to 270°C, followed by heating for twenty hours at 760 mm Hg

pressure at 270-290°C, and then heated at 330°C at 0.2 mm Hg pressure for
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seven hours. The yield was 1.49 g. (120%) of black polymer.

g $DA-26-306! Reaction of MBPD and XTE in BA and DMF.

A mixture of 1.083 g. of MBPD, 1.56 g. of XTE, 1 g. of BA and 10 g. of

DMF was reacted under the following conditions:
Te?p. Pressure Hours | Observations
C mm Hg
150-180 760 6.0 | yellow solution and solid
245 760 19.5 | brown solid
330 0.7 13.5 | black solid

The yield of polymer was 1.5 g. (125%).

h. (DA-26-307) Reaction of MBPD with Excess XTE.

A mixture of 2,315 g. of MBPD and 10.50 g. of XTE was reacted under the

following conditions:

ngp. Pr::s;;e Hours| Observations
60-80 760 4.0 | brovm solution
130 760 0.5 { brown solid
180 0.3 3.0 | dark brown solid
290 0.3 | 12.0 | brown-black solid
330 0.3 2.0 | black solid
360 0.3 | 12.0 | black solid

The yield of polymer was 2.3 g. (957).

i. (DA-26-308) Catalyzed Reaction of MBPD with XTBE.

A mixture of 0.952 g. of MBPD and 1.95 g. of XTBE was reacted for two

hours under the conditions given below; then 0.1 g. of p-CH3CeH,SO3H in

997 DMF added after the theoretical amount of butyl alcohol was collected

and the polymerization continued under the indicated conditions:
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i ‘ : Tﬁmp. Pressure Hours Observations
C mm Hg

- 160-180 760 0.5 yellow melt

. . ellow solid
- 180 10 0.5 98% Bu(H recovered
catalyst added

200 760 2.0 brown melt
400 0.3 | 12.0 [ black solid

The yield of polymer was 0.97 g. (95%).

2. Discussion.

The yield of alcohol based on the formation of the intermediate,

OR
e
C6H50H=NCGB4N=CBCGH4§H for a number of experiments were as follows:
N OR
Exper. Yield
No. 7 Kind of Alcohol

DA-26-299 96 ethanol
DA~26-307{ 108 | ethanol
DA-26-308 98 | n-butanol

In most cases the polymers were black, and yields were in the range
of theoretical values. However, the yield, in those cases in which BA was

used, were over 100%.
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V. Post Reactions of Polymers.

A. Post Reactions Leading to an Increase in the Degree of
Polymerization.

Schiff base polymers having the conjugated structure
{:N@}N:uc @ ~cud,

would be expected to show a shift in color from yellow to black with increas-
ing value of n. A general shift in color is indeed observed for many poly-
mers produced by Schiff base exchange reactions. Some polymers, particularly
those obtained by condensation or melt polymerizations, have been found to
be yellow or brown. It is desirable, therefore, to find a method by which
these oligomers could be polymerized further to black, high molecular weight
polymers.

Two techniques were employed to increase the molecular weight of these
polymers. First, the polymers were heat-treated to cause polymerization .in
the solid state. Reactive end groups would be expected to become more mobile
at higher temperatures, and further condensation should occur between chain
ends. The second method involves preparing solutions of such low molecular
weight polymers in BA followed by heating to extend the reaction in a homo-
geneous system. It had been observed that melt-solution polymerization using
BA very often gave high molecular weight polymers which were black. On this
basis, BA was added to low molecular weight polymers with the expectation
of polymerizing them to the black stage.

1. Experimental.
a. (DA-26-151) Post Heating of Polymer DA-29-121 Obtained by

—

Melt-Solution Polymerization.

One gram of the fusible black polymer was ground to a fine powder and
placed in a 50 ml. round-bottomed flask. The polymer was heated under nitro-

gen by means of a metal bath to 420°C for forty-five hours at 1.5 mm Hg
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pressure. A yellow-brown residue was found on the surfaces of the distilling
head and the condenser when the reaction was terminated. The weight of poly-
mer had decreased to 0.64 g. Projecting this weight loss over the original
yield in DA-29-121 gives a final yield of 927, whereas before treatment the

yield had been 114%.

b. (DA-29-126) Post Heating of Condensation Polymer DA-29-94 in BA.

Two grams of the yellow brick dust condensation polymer DA-29-94 was

mixed with 4 g. of BA and heated in a polymerization apparatus under the

conditions listed in Table 40.

Table 40
Time Temp.
(hours) °c Pressure
140 atm
200 atm
260 atm
10 320 atm
10 300 140 om
10 300 1 mm

After reaction, the polymer was reexamined and found to be black and shiny,
which had foamed considerably. An ammonia-like gas was observed in the
collection trap. Further heating at bunsen flame temperatures melted the
polymer, and this was followed by foaming of the polymer. The black polymer,

due to incorporation of some BA, weighed 4.27 g.

c. (DA-29-127) Repeat of DA-29-126 Using Somewhat Different Conditioms.

The same amounts of polymer and BA were used as in DA-29-126. The con-

ditions, however, were changed and are shown in Table 41.
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Table 41

Time Temp.
(hours) °c Pressure
5 250 atm
18 290 atm
10 340 atm
14 340 140 mm

At the end of the reaction there was isolated 3.05 g. of polymer, parts
of which were glassy and other parts were foamed and dull. A liquid nitrogen
trap was used in the reaction system in an attempt to collect any ammoniacal
or other degradation products. No product, other than BA, was found in the
trap at the end of the reaction.

d. -29-148) Post-Heat of Amine Exchange Polymer DA-29-132.

One gram of polymer DA-29-132 and 10 g. BA were heated to reflux under
nitrogen at 300°C for ten hours. As the reaction progressed, the melt be-
came darker in color with the polymer dissolving until all the solution was
black. At this point, the melt appeared to be homogeneous. One guarter
gram of zinc chloride was added and heating continued at 300°C for forty-
eight hours. The liquid melt solidified to a black solid. The product was
removed from the flask and extracted with 95% ethanol for five days. After
drying the product, 6.20 g. of a brown polymer, was obtained.

2, Discussion.

By heating polymers with yields in excess of 1007 at high temperatures,
it is possible to lower the yields to near theoretical values. Heating at

high temperatures and long periods of time causes substances incorporated

within the mass of polymer to diffuse out and to be removed by volatilizatiom.

After prolonged heating, the polymer is usually a jet black color and
ossesses exceptional t 88,
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The addition of BA to low molecular weight polymers solubilizes these
materials but also leads to incorporation of some of the BA into the polymer.
BA once incorporated into a polymer is held tenaciously and is not easily re-
moved; hence, the yields of polymers obtained are high. The action of BA in
these systems cannot be entirely ascribed to its solvent properties. Schiff
base exchange may also involve BA.

B. Attempts to Determine the Solubility of Certain Polymers.

1. Experimental.

Two solvents, acetic anhydride and concentrated formic acid were evaluated
in attempts to dissolve Schiff base polymers.

a. (DA-29-152) Attempted Solution of Condensation Polymer DA-29-94
in Acetic Anhydride.

Yellow polymer DA-29-94, 0.1 g. was refluxed in a round-bottomed flask
with 100 ml. acetic anhydride. Refluxing was continued for a period of forty-
eight hdxrs. After this time, most of the polymer remained as a precipitate
in the bottom of the flask; however, a small amount did go into solution as
was evidenced by the pale yellow color of the acetic anhydride.

b. -29-153) Attempted Solution of Pol r DA-29-67 in Concentrated
Formic Acid.

The black polymer DA-29-67 (0.002 g.) obtained by a condensation reaction
of TA and PPDA in BA was refluxed with 10 ml. 98+7% formic acid for forty-eight
hours. A very pale yellow dilute solution was obtained; however, most of the
black polymer remained undissolved. One drop of concentrated sulfuric acid
was added to the formic acid solution and the reflux continued for two more
days. No change in the system was noted after this time, and the experiment
was discontinued.

2. Discussion.

Originally, it was hoped that Schiff base polymers could be dissolved by
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suitable reagents which react with the -C=N- linkage as in the monomeric com-
pounds. For example, acetic anhydride and formic acid would be expected to

react in the manner indicated in equations 22 and 23.

D e, + o (@de —
3
a;@g; (Lo, (eq. 22)

3
2) & yn=ca{yaad, +n Bl-on {:N@)-llig-@-car}n (eq. 23)

These derivatives, if obtained, should be soluble in organic solvents. Then,
molecular weights and other physical data could be obtained from solutioms
of these polymers. The above experiments indicate, however, that the solu-
bility is very low, if any, and that extraction of impurities or oligomers
may actually account for the yellow solutions obtained.

The absence of good solvents for the polymers makes molecular weight
determination by the usual methods impossible, and it has been suggested that

this problem be the subject of another research project.
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VI. Mechanistic Considerations and Attempts to Isolate Intermediates.

Mechanisms for the Schiff Base exchange reactions have been proposed.1

These mechanisms have been postulated to proceed through four-membered ring
intermediates. In the bis-Schiff base exchange reaction, the mechanism has

been suggested as going through a diazidine intermediate, as shown in equa-

tion 24:
R-CH=N-R' » R-C-N-R' R-CH=N-R"'
+ —_— + (eq. 24)
R“"CB.=N"R" ] N R" LI _R" : R""m=N‘R' .

To confirm this mechanism, it would be desirable to obtain a system in which
the intermediate diazidine could be isolated. One could then demonstrate this
intermediacy by decomposing it under the conditions of the normal bis-exchange
reaction to give the desired products.

C.K. Ingold and H.A. Piggot desctibed14 the reaction of p-hydroxybenzyl-

ideneaniline and benzylidine-p-bromoaniline to give the unstable diazidine

derivative, HO{C:erT N-<::> These authors report14 that the melting

point and chemical characteristics of this compound are considerably different
than either of the starting materials.
15
In another paper, Ingold reports the isolation of another more stable

diazidine derivative by the reaction of equation 25:

2 m3©m2 +2CH0 cxg@-w
2 W

It is stated15 that the four-membered ring compound is so stabilized over

(eq. 25)

the monomer, CHy-CgH, -N=CH,, that only at 250°C does the monomeric azomethine
exist alone, as shown in equation 26.

CHq<” \rN—-CH, —
— 2 cn3~<’:y-n=caz (eq. 26)

Y
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Ingold suggestsla’15 that many other exchange type reactions, including

the carbonyl exchange, take place by means of four-membered ring intermediates,
such as R__?H— . He was not able, however, to isolate intermediates of
this type.

The syntheses of the above diazidine derivatives were attempted, both to
confirm the work of Ingold and his associates, and to lend further evidence to
the proposed mechanism.1

A. Experimental.

1. (DA-29-164) Reaction of o-Hydroxybenzylidine-aniline and
Benzylidine-p-bromoaniline.

Following the procedure of Ingold, 1.22 g. (0.0l mole) p-hydroxybenzyl-
idineaniline. was placed in 7 ml. of boiling absolute ethanol. Next, 1.72 g.
(0.01 mole) benzylidine-p-bromoaniline was added to the solution. A solution
of the two compounds was obtained, after which it was cooled to room tempera-
ture. Evaporation of the ethanol under vacuum gave a quantity of yellow-tan
crystals. These crystals were removed by filtration and redissolved in 957%
cold ethanol. Most of the ethanol was removed by means of a flash evaporator
and upon cooling the residue in an ice bath, tan crystals were obtained. This
material and the starting material, p-hydroxybenzylidineaniline had the same
infrared spectra.

2. (DA-29-166) Repeat of DA-29-164.

The same quantities of reagents and procedure were used as in DA-29-164,
except 10 ml. absolute alcohol was used instead of 7 ml. Evaporation yielded
a greenish-yellow semi-solid precipitate which had no distinct melting point.
Recrystallization using cold absolute alcohol gave a yellow crystalline mate-

rial with a greenish tint. As this material was allowed to stand, it turned
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pale yellow; it had no definite melting point. The reported melting point is
165-167°C. 1Its infrared spectra did not yield information from which its
structure could be definitely established.

3. (DA-29-191) Modification of DA-29-164.

Using the same amounts (0.0l mole each) of benzylidine-p-bromoaniline and
p-hydroxybenzylidineaniline as in DA-29-164, the procedure was modified slight-
ly. The p-hydroxy compound was dissolved in 50 ml. of hot, but not boiling,
absolute ethanol. Next, benzylidine-p-bromoaniline was added and the reaction
mixture cooled immediately in an ice bath. A pale yellow-green substance
precipitated from solution; it was separated by filtration and when dried, it
was light tan in color. No sharp melting point was found for the compound and
during heating it changed color to a bright green. The total amount of sub-
stance produced was 1,00 g. The infrared spectra of the green and of the tan
materials were identical.

4. (DA-29-197) Further Modification of DA-29-164, .

p-Hydroxybenzylidineaniline 1.97 g. (0.01 mole) was dissolved in 50 ml.
of benzene heated to 60°C. To this solution 2.60 g. (0.01 mole) benzylidine-p-
bromoaniline was added. Heating was continued for three minutes, then the
reaction was quenched in a dry ice-acetone bath. When the mixture was en-
tirely frozen, the flask was removed from this bath and placed in an ice bath.
Then the frozen benzene was sublimed off under reduced pressure leaving 4.40 g.
of a product which had no sharp melting point. The infrared spectrum of the
product gave evidence only of Schiff base peaks and no peaks atrributable to
the postulated di-tertiary amine.

5. (DA-29-199) Modification of DA-29-164.

Reaction DA-29-164 was modified in the following way. Into a 100 ml.

filter flask was placed 0.01 mole p-hydroxybenzylidineaniline. Then 25 ml.
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hot absolute ethanol was added, followed by the addition of 0.01 mole of
benzylidine-p-bromoaniline. The flask was swirled twice then plunged into a
dry ice-acetone bath, whereupon a yellow precipitate crystallized out. The
flask was removed to an ice bath and the ethanol evaporated under reduced
pressure. A yellow material with a greenish tint was obtained, which melted
at 160°C. Infrared spectra gave no further interpretable information. This
compound was recrystallized again from cold absolute ethanol and a somewhat
more greenish substance was obtained, which also melted at 160°C. A third
recrystallization, in the same manner, gave a semi-solid material.

6. (DA-29-193) Reaction of p-Toluidine and Formaldehyde.

Formalin, 12 ml. of 377%, and a solution of 12 g. p-toluidine in 30 cc.
absolute ethanol were heated to 45°C and mixed in a beaker with vigorous
stirring. The temperature rose rapidly to 60°C; an oil separated which then
solidified. The temperature continued rising to 70°C, then the reaction mix-
ture was cooled in an ice bath. The solid product was removed by filtration
and recrystallization from absolute ethanol gave a white soluble product and
a white insoluble?ﬁfg Sﬁ?f The soluble product began to melt at 125°C, and
remained cloudy until nearly 200°C, when the melt became clear. No unique
bands corresponding to the di-tertiary base appeared in its infrared spectrum.

B. Discussion.

Despite the many trials to duplicate the work of Ingold and Piggot, all
attempts were unsuccessful. The conditions described by the authors are de-
ceptively simple; however, the correct product, as described by them, could
not be obtained. Failure may be due to the extreme instability of the product,
or perhaps to some other factor or factors which have not yet been evaluated.

The reaction between p-toluidine and formaldehyde has been reinvesti-~
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17,18

gated by Eisner and Wagner and has been found to be far more involved

than Ingold reports. The authors of these papers17’18 report the isolation of
no less than six different compounds containing nitrogen from this reaction.
Resins have also been shown by these authors to be produced in the reaction.

In the light of this newer information, it seems improbable that Ingold

actually obtained the diazidines.
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VII. Summary and Conclusions.

1.

The data in this report confirm substantially the conclusions
of a ptevious1 report.

The syntheses of a number of monomers reported1 previously have
been repeated, confirming the high-yield data.

A number of new monomers having partial or interrupted conju-
gation have been prepared for use in polymer syntheses for

comparison with monomers having uninterrupted conjugation.

Two ketanil-type monomers, p- C=NC6H4N=C and
/ \
C3Hy CaHy
HgCo\ /Cats
p- C=NCgH,N=C have been evaluated successfully as
HcCy' \C,H,

reagents in Schiff base exchange reactions both in monomeric’
and polymeric systems. The ketone is displaced readily in these
reactions by monofunctional and difunctional aromatic aldehydes.
Black polymers are readily obtained in Schiff base reactions
when ketanil-type monomers are used as one of the reactants.
Polymer yields are high due probably to the side reactions of
the liberated ketone or ketone derivative.

The polymers prepared from aromatic dialdehydes and diamines

by regular solution methods1 are brick-dust, yellow, and infu-
sible. When the polymerization is performed in certain solvents,
such as DMF and DMA, low molecular weight insoluble polymers

are also obtained, but they can be melted and carried to high
molecular weight dark polymers.

Molten benzalaniline is the most active medium in which to

perform the polymerization. It appears to function not omnly
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10.

11.

12,

as a solvent but also as a telomerizing agent, thereby accounting
for higher-than-theoretical yields calculated on the basis that
benzalaniline is only a solvent and not a reagent.

No evidence could be found in extensive studies using IR tech-
niques for the existence of four-membered ring complexes or
adducts in the polymer. Solvated benzalaniline could be removed
from the polymer by continuous extraction in an amount that
corresponds approximately to the amount that is removed readily
by heating the polymer to about 300-350°C. This indicates that
the unrecovered amount exists as telomers in the polymer which
could be eliminated by chain-end reactions on continued heating.
Attempts to confirm the existence of four-membered ring ad-

duct814’15

using non-polymerizing systems were unfruitful.

The high melt- or "solid-" viscosity of the polymer requires
prolonged heating at about 400°C to permit chain-end coupling
to occur and thereby to eliminate telomerized benzalaniline.

In such a medium, the removal appears to be diffusion-controlled.
Low pressures of the order of 0.5 mm Hg pressure or lower are
beneficial, in those syntheses of polymer where the eliminated
product is of a lower molecular weight or of a higher vapor
pressure than benzalaniline, as for example, CoHqOH, C3HyCH

and C6HSCH(OCZHS)2, diffusion of the by-product occurs more
readily and the theoretical yields are more easily approached.
Both monomeric and polymeric Schiff bases appear to be very

thermally stable compounds.

High molecular weight benzalaniline-telomerized polymeric Schiff
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13.

14.

15.

16.

bases also appear to be thermally stable, as evidenced by the
higher-than-theoretical yield when heated for extended periods
at 360-420°C, the nature and small amount of distillate reco-
vered during such heating and from little or no change in the
IR spectra of the polymers.

Meta-phenylenediamine or its selected derivatives appears to be
a better reactant than para-phenylenediamine in the synthesis
of the polymer permitting a longer fusible stage than the para
compounds. This is attributed to the configuration of the poly-
mer. No final conclusion can be drawn at this time to the rela-
tive thermal stabilities of the meta- and para-polymers, though
both appear to be high. Differential thermal analyses will be
performed to resolve this point when the DTA apparatus, which
has been ordered, is received.

Modifications of the polymerization reaction of the xylylidene-
tetraalkyl ethers with aromatic amines or their derivatives
appear to be promising with almost theoretical yields and

black polymers in a number of cases.

Post-heating of non-black polymeric Schiff bases in benzal-
aniline converts them to black polymers.

Attempts to solubilize black polymeric Schiff bases by pre-
paring acyl derivatives were not successful. The absence of
true solvents for these polymers makes molecular weight deter-

mination by the currently accepted methods impossible.
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VIII. Future Studies.

Sufficient significant data has been acquired from the preliminary
studies to allow the selection of the most suitable systems for the next
phase of the research on this project,

Particular attention and effort will be given to the kinetics of the
reactions and to the evaluation of the polymers by means of differential
thermal analysis.

The investigations will be divided into two parts:

A) The Polymeric Schiff Bases;

B) The Polymeric Azines.

These two classes are fundamentally different. The polymeric Schiff bases can
be considered as polymers which possess the requirements essential to thermal
stability. 1In contrast, the polymeric azines, iﬂCArCH:N-N&n, are less stable
but have relatively high decomposition temperatures. 1In the process of de-
composition, it appears that the polyazines become converted to the more ther-
mally stable polystilbene-type polymers, and thus appear to offer promise as
carbonizing ablators. The absence of literature references on the behavior
of this or related polymers will require studies on prototype non-polymeric
azines.

The systems to be studied during the next phase of this research are:

A) Polymeric Schiff Bases

1) Bis-Exchange Reactions
a) Bis-exchange of p-CGHSCH=NCGH4NECBC6HS with
p-CgHgN=CHCgH,CH=NCcHs.
b) Bis-exchange of m-CéBSCH=NC6H4N=CHC635 with
P-CglsN=CHCH/,CH=NCHg

c) Bis-exchange of Al3) in CgHs5CH=NCgHs

92



d) Bis-exchange of Alb) in CgHgCH=NCgHs
2) Aldehyde Condensation Reactions
a) p-C6H4(CHO)2 with p-C6H4(NEZ)2 in CgH5CH=NC.Hg
b) p-CgH4(CHO)2 with m-CgHy(NH2)2 in CgHs5CH=NCgHs5
c) Prepolymer of p-CgH,(CHO), with p-CgH,(NHp)2 in CgH5CH=NCgHs
d) Prepolymer of p-CgH4(CHO)7 with m-CgHy(NH2)2 in CeH5CH=NCgHS
3) Acetal Reactions
a) CgH,[CH(OR),]; with m-CcH, (MH,),
b) CgH,[CH(OR)2]p with m-CgH,(NHp)2 in CgHsN=CHCgHs
c) CgH,[CH(OR),], with m-CcH, (N=CHCgHs),
d) CeH,[CH(OR)y]y with m-CgH, (N=CHCgHg)p in CgHgN=CHCgHs
4) Polymers with Interrupted Conjugation
a) Polymers Based on Monomers
1) CgHg-CH=N-CgH,,-CHy-CgH,,-N=CH-CgHs
ii) C 6H5-CH=N- (CHZ)A-N-—'CI{-cGHS
iii) CgHg-CH=N-(CHj)q-N=CH-CgHg
iv) CgHg-CH=N-CgH,-0-CgHy-N=CH-CgHs
v) C6HS-CH=N-CGH4-NB-06H4-N=CHC6HS
B) Polymeric Azines
1) Prototype Compounds
a) Syntheses of XCgH,CH=N-N=CHCgH,Y compounds
b) Decomposition studies on XCgH,CH=N-N=CHC¢H,Y compounds
2) Polymers
a) Syntheses of {:cnc(,aaca:N-N:}n
i) By aldehyde and amine reactions
ii) By exchange method reactions

b) Decomposition studies of %HCC6340H=N-N4n
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Glossary.

PPDA

TA
DBPFDA

PXDA

D-2-PPPDA

D-3-PPPDA

BDE

MPDA

DBMPD

XTBE

DMA
DMF
DAPD

MBPD

]

CeHsCH=NCgHs
p-HZNC6H4NH2
p-OHCCgH,CHO
p-CgH sCH=NCH,N=CHCH5

p-CgH5N=CHCgH,CH=NC¢Hs

H.C c
o= 7 Moo’ 3ty
HCy” \C,Hs
H5Cy, ,Ca2Hs
p-H . /C=N-C6H4—N=C\C
5¢2 2Hs
CetisCH(0C,R5),
H5C20 ,mzﬂs
P~ /CH'C6BI‘_'CH\
HSCZO 00285
m-HzNC634MI2

m=-C 6H SCH=NC GB4N=CHC6}1 5

HgCtO0 | » OChHg
p- HC-CgH,,-CH
HgCl0~ N OC,Hg
CH3CON(CH3)2
HCON(CH3)
p-CHCONHCgH,,NHOCCH 3
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